MICROCOPY  RESOLUTION  TEST  CHART 

NAIiONAL  BUREAU  Of  STANDARDS  1964  A 


for  fjio  tram  %u  / 

00  ( 

^McCLELLAN-KERR  v 

^ARKANSAS  RIVER 

^NAVIGATION  SYSTEM 


1 r* . 

— - ‘Pd 

i 

HYDROELECTRIC  POWER 
GENERATION 

V 

D D C 

T>r~  ^ nf?' 

' ^ -7  MAY  24  1978 


OinSIlIUTE  fOR 

oDDDtf 

WATER  RESOURCES 


W MAY  24  1978  j j 


**  ^ 

BR 

m 

A REPORT  SUBMITTED  TO: 

U.S.  ARMY  ENGINEER  INSTITUTE  FOR  WATER  RESOURCES 

KINGMAN  BUILDING 
PORT  BEIVOIR.  VIRGINIA  22060 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED 


DECEMBER  1977  IWR  RESEARCH  REPORT  77R-4 


McClellan-Kerr  Arkansas  River 
Navigation  System 


HYDROELECTRIC  POWER  GENERATION 


A Report  Submitted  to: 

U.S.  Army  Engineer  Institute  for  Water  Resources 
Kingman  Building 
Fort  Belvoir,  Virginia  22060 


By: 

U.S.  Army  Engineer  Division,  Southwestern 
Dallas,  Texas  75202 


Approved  for  public  release;  distribution  unlimited. 


DECEMBER  1977 


IWR  Research  Report  77-R4 


Copies  may  be  purchased  from: 


National  Technical  Information  Service 
U.  S.  Department  of  Commerce 
Springfield,  Virginia  22151 


This  report  is  not  to  be  construed  as  necessarily  representing  the  views 
the  Federal  Government  nor  of  the  U.S.  Army  Corps  of  Engineers. 


UNCLASSIFIED 


security  CLASSIFICATION  or  This  RACE  IBiih  Of  Cnl"*d) 


& 


REPORT  DOCUMENT ATIOH -RACE 


1 RIPORT  NUMIF.R 

IWR  Research  Report! 7 7-R4  P~ 


GOVT  ACCESSION  NO. 


4 TITLE  fmnd  Subtltlo) 


McClellan-Kerr  Arkansas  River  Navigation 
Systemi ^HYDROELECTRIC ^OWER  ^GENERATION  / 

AU  THO  

US  Army  Engr  Division,  Southwestern 
Main  Tower  Building,  1200  Main  Street 
Dallas,  Texas  75202  


9 PERFORMING  ORGANIZATION  NAME  ANO  ADDRESS 

US  Army  Engr  Institute  for  Water  Resources' 
Kingman  Building 

Fort  Belvolr.  Virginia  22060 


II  CONTROLLING  OFFICE  NAME  ANO  AOORESS 


m 


T?  MONITORING  AGENCY  NAME  A AOORESS (il  dillmrani  from  Controlling  Otli cm) 


IZUMp. 


READ  INSTK'J'  TIONS 
BEFORE  COM!  * !_ F TING  FORM 


I RECIPIENT'S  CATALOG  NUMBER 


S CONTRACT  OR  GRANT  NUMBE  Rf a) 


«0  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  A WORK  UNIT  NUMBERS 


Dec 


II  RTIWBtWUP 


Sg/L 


ill 


15  SECURITY  CLASS  t ol  thia  import) 


Unclassified 


IS*  DECLASSIFICATION  DOWNGRADING 
SCHEDULE 


16  DISTRIBUTION  STATEMENT  (ol  thla  Rapori) 

Approved  for  public  release;  distribution  unlimited. 


»?  DISTRIBUTION  STATEMENT  (ol  tha  abatraet  antarad  In  Bloch  20.  II  dillarant  tram  Rmport) 


19  supplementary  notes 


19  KEY  WOROS  (Continue  on  raroraa  aid a it  nacaaaary  and  Identity  bv  block  nutnbar) 

Hydroelectric  power,  federal  power  capacity.  Southwestern  Power  Administra- 
tion, economic  benefits,  water  use,  water  resources,  cost  allocation, 
hydropower  marketing,  multi-purpose  water  projects,  annual  benefits. 


ABSTRACT  ( Conilnua  on  ravaraa  alda  II  nacaaaary  and  Idantlly  bv  block  numbar) 

This  report  presents  an  analysis  of  the  hydroelectric  generating  facilities 
in  the  McClellan-Kerr  River  Project.  Installed  capacity  of  the  federal 
installations  total  639  megawatts.  Economic  and  financial  questions  of 
production  and  marketing  are  examined  (the  power  is  sold  by  a federal  agency], 
the  Southwestern  Power  Administration) . Due  to  the  rising  cost  of  other 
fuels,  the  power  benefits  are  expected  to  rise  from  a project  justification 
estimate  of  $14  million  to  over  $40  million.  However,  benefits  are  not  as  . 


DD  1473 


EDITION  OF  1 NOV  69  IS  OBSOLETE 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  <**•"  P«r«  Fntrrr.i  ,f  f 




UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  This  PAGC<Wi«n  D«<  BfitwMJ 


high  as  possible,  primarily  due  to  poor  marketing  practices  by  the  SPA. 
There  are  also  several  problems  in  the  cost  allocation  formula  used ‘to  rate 
the  on-going  return  on  investment  to  the  Federal  Government  for  each  dam 
taken  individually. 

\' 


Tills  report  is  one  or  a series  of  impact-studies  by  the  Institute 
for  Water  Resources  dealing  with  the  McClellan-Kerr  Arkansas  River 
Navigation  System.  All  the  reports  listed  below  may  be  purchased  from 

National  Technical  Information  Service 
U.S.  Department  of  Commerce 
Springfield,  Virginia  22151 

1. )  "Recent  Developments  In  the  McClellan-Kerr  Arkansas  River 

Navigation  System  Area."  1WR  Research  Report  77-Rl 

2. )  "/  Research  Strategy  for  Social  Impact  Assesment:  A Tale  of 

Three  Cities."  IWR  Contract  Report  77-R2 

3. )  "An  Application  of  the  Interregional  I/O  Model  for  the  Study 

of  the  Impact  of  the  McClellan-Kerr  Arkansas  River  Multiple 
Purpose  Project."  IWR  Contract  Report  77-2 

4. )  "Analysis  of  Expenditures  for  Outdoor  Recreation  at  the 

McClellan-Kerr  Arkansas  River  Navigation  System."  IWR 
Contract  Report  77-4 

5. )  "Population  Change,  Migration  and  Displacement  Along  the 

McClellan-Kerr  Arkansas  River  Navigation  System."  IWR 
Contract  Report  77-5 

6. )  "McClellan-Kerr  Arkansas  River  Navigation  System:  Hydroelectric 

Power  generation. " IWR  Research  Report  77-R4. 

7. )  "A  River,  A Region  and  A Research  Problem."  IWR  Research 

Report  71-6 

8. )  "Regional  Response  Through  Port  Development:  An  Economic  Case 

Study  on  the  McClellan-Kerr  Arkansas  River  Project."  IWR 
Contract  Report  74-5 

9. )  "Evaluation  of  Interregional  Input-Output  Models  for  Potential 

Use  in  the  McClellan-Kerr  Arkansas  River  Multiple  Purpose 
Project  Impact  Study."  IWR  Contract  Report  74-6 

10. )  "Discriminant  Analysis  Applied  to  Commodity  Shipments  in  the 

Arkansas  River  Area."  IWR  Research  Report  74-R2 

11. )  "An  Overview  of  the  Impact  Study  of  the  McClellan-Kerr  Multiple 

Purpose  Arkansas  River  System."  IWR  Research  Report  75-R3 


These  reports  are  not  to  be  construed  as  necessarily 
representing  the  views  of  the  federal  government  or  of  the  Army 
Corps  of  Engineers. 


FO REWARD 

This  report  presents  an  analysis  of  the  hydroelectric  generating 
facilities  installed  in  the  McClellan-Kerr  Arkansas  River  Navigation 
System.  Installed  capacity  of  the  federally  owned  projects  in  the  system 
totals  639  megawatts,  and  about  20  percent  of  the  $1.2  billion  invested 
in  the  system  is  allocated  to  power.  Power  production  by  the  projects 
is  marketed  by  the  Southwestern  Power  Administration  (SPA)  and  distributed 
through  transmission  lines  owned  by  SPA  and  private  utilities. 

The  economic  values  of  the  power  generated  by  the  system  has  greatly 
increased  in  the  past  few  years.  Annual  benefits,  based  on  the  cost  of 
producing  equivalent  power  from  a coal  fired  base  load  plant  and  a turbine 
driven  peaking  plant  would  increase  the  14.2  million  annual  power  benefits 
used  in  project  justification  to  over  $40  million  per  year. 

Operation  of  the  hydroelectric  generation  facilities  provides  annual 
savings  equal  to  more  than  three  billion  tons  of  coal;  four  million 
barrels  of  oil;  or  about  26  million  cubic  feet  of  natural  gas. 

Hydropower  projects  are  characterized  by  unique  operational  advantages 
and  disadvantages.  The  system  can  be  operated  to  go  on  line  at  full 
operating  capacity  almost  instantaneously.  The  system  can  be  shut  down 
as  quickly  as  electrical  loads  vary,  and  the  stored  water  serves  as  stored 
energy.  Thlis  the  hydropower  system  can  be  operated  to  accommodate  diurnal 
and  seasonal  variations  in  demand  very  efficiently.  There  are,  however, 
limitations  placed  on  operational  capability  from  operational  restrictions 
resulting  from  competing  water  uses  and  variable  hydrologic  conditions. 

The  marketing  agency  (SPA)  must  therefore  contend  with  its  characteristics 
and  limitations.  Generally,  purchase  of  power  from  thermal  sources  is 
required  to  balance  the  supply  available  from  hydropower  to  fulfill  con- 
tracted obligations.  During  periods  of  operational  restrictions  (primarily 
during  low  flow  periods)  considerable  power  must  be  bought  from  alternative 
sources  to  meet  contracts. 

The  period  of  record  covered  in  this  report  includes  a wide  range 
of  hydrologic  conditions,  from  periods  of  protracted  excess  flows  such 
as  1973  to  periods  of  limited  flows  such  as  1971,  but  not  the  most  recent 
experience  of  1976  (a  period  of  low  flow).  The  report  concludes  that 
the  estimates  of  average  generation  used  for  project  evaluation  studies 
were  reasonably  accurate. 

The  report  also  evaluates  the  financial  payout  from  marketing  the 
power  generated  by  the  system.  Net  revenues  available  to  payoff  the 
allocated  construction  costs  were  in  deficit  of  $6.2  million  thru  1974. 

The  reasons  are  complex,  but  center  on  cost  allocation  procedures, 
enabling  legislation  federal  power  marketing  and  the  basis  for  power 
revenues.  Comments  from  the  Southwestern  Power  Administration  suggest 
that  definitive  conclusions  may  have  to  wait  for  a longer  period  of 
experience  with  the  project  and  that  the  issues  are  too  complex  to  be 
adequately  dealt  with  in  a report  of  this  type.  We  agree  that  the  report 
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does  not  provide  a complete  basis  for  diagnosis  of  all  of  the  problems. 
Nor  does  it  provide  recommendations  for  solving  the  problems.  It  does, 
however,  show  the  current  picture  of  the  current  conditions  attendant  to 
hydropower  production  and  marketing,  and  offers  some  basis  for  comparing 
these  conditions  to  those  that  were  assumed  at  the  time  the  projects 
were  planned  and  designed. 
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HYDROELECTRIC  POWER  GENERATION 
AT  THE 

McCLELLAN-KERR  ARKANSAS  RIVER  NAVIGATION  SYSTEM 

GENERAL. 

Description  of  Arkansas  River  Navigation  Project.  The  Arkansas  River 
Navigation  Project  is  part  of  the  Arkansas  River  Navigation  System  as 
defined  by  Congress  in  Public  Law  91-649,  January  5,  1971.  The  project  for 
comprehensive  development  of  the  Arkansas  River  and  tributaries  was  author- 
ized by  the  River  and  Harbor  Act  of  July  1946  as  amended  by  Flood  Control 
Acts  of  1948  and  1950.  It  provides  for  a navigation  route  from  the  Mis- 
sissippi River  through  Arkansas  and  Oklahoma  to  Catoosa,  near  Tulsa,  OK; 
the  production  of  hydroelectric  power;  additional  flood  control  through 
upstream  lakes  and  the  related  benefits  of  recreation  and  fish  and  wildlife 
enhancement.  The  navigation  route  begins  at  the  confluence  of  the  White 
River  and  the  Mississippi,  proceeds  about  ten  miles  via  the  White,  through 
the  manmade  Arkansas  Post  Canal,  up  the  Arkansas  River,  and  up  the  Verdigris 
Riyer,  to  Catoosa,  OK,  a distance  of  about  448  miles.  The  waterway  was 
navigable  to  Little  Rock,  AR,  in  1968,  to  Fort  Smith,  AR,  in  1969  and  nav- 
igation was  completed  to  Catoosa,  OK,  in  1970.  That  part  of  the  navigation 
route  from  the  Mississippi  River  to  Fort  Smith,  AR,  was  constructed  by  the 
Little  Rock  District  and  from  Fort  Smith  to  Catoosa,  OK,  by  Tulsa  District 
of  the  Corps  ot  Engineers. 

The  navigation  channel  has  a minimum  depth  of  nine  feet  with  17  locks  and 
dams  (12  in  Arkansas  and  five  in  Oklahoma)  to  assist  in  navigating  the 
420-foot  rise  in  elevation  from  Mississippi  River  to  Catoosa.  Minimum 
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channel  width  is  300  feet  on  the  Arkansas  Post  Canal,  250  feet  on  the 
Arkansas,  and  150  feet  on  the  Verdigris.  Provision  was  made  to  widen  the 
Verdigris  channel  to  a minimum  width  of  300  feet  when  a sufficient 
volume  of  traffic  makes  enlargement  of  the  waterway  necessary.  All  bridges 
have  heen  raised  to  provide  a minimum  vertical  clearance  of  52  feet  98  per- 
cent of  the  time.  All  lock  chambers  are  110  feet  wide  and  600  feet  long. 
Lifts  range  from  1A  to  5A  feet.  Seven  major  upstream  lakes  located  in 
Oklahoma  are  Keystone,  Oologah,  Pensacola,  Lake  Hudson  (Markham  lerry). 

Fort  Gibson,  Tenkiller  Ferry,  and  Eufaula,  all  of  which  provide  flood  control 
storage.  Hydroelectric  power  is  generated  at  Dardanelle  and  Ozark  Hams  in 
Arkansas  and  at  Robert  S.  Kerr,  Webbers  Falls,  Keystone,  Pensacola,  Lake 
Hudson  (Markham  Ferry),  Fort  Gibson,  Tenkiller  Ferry,  and  Eufaula  Lakes  in 
Oklahoma.  However,  power  has  been  deauthorized  at  the  Oologah  project.  Two 
additional  units  are  being  considered  for  installation  at  Fort  Gibson  to 
supplement  the  initial  installation  of  four  units.  Two  of  the  upstream 
lakes,  Pensacola  and  Lake  Hudson  (Markham  Ferry),  were  constructed  by  the 
Grand  River  Oam  Authority,  an  agency  of  the  State  of  Oklahoma;  both  contain 
federally  financed  flood-control  storage.  The  other  upstream  lakes  were 
constructed  by  the  Corps  of  Engineers,  and  all  contribute  significantly  to 
the  operation  of  the  McClellan-Kerr  Arkansas  River  Navigation  System. 

The  bank  stabilization  and  channel  rectification  work  to  control  meandering 
of  the  Arkansas  River  and  aid  in  the  development  of  the  navigation  channel 
is  an  important  feature  of  the  overall  project. 
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The  estimated  annual  benefits  expected  to  result  from  construction 
and  operation  of  the  project  as  a whole  are  shown  below.  The  total 
estimated  cost  of  the  project  is  $1.2  billion.  Of  this  amount,  approx- 
imately $600  million  was  for  project  features  in  Oklahoma,  and  $600 
million  was  for  project  features  in  Arkansas.  The  benefit-to-cost  ratio 
for  the  project  is  1.5  to  1 based  on  July  1970  price  levels,  an  interest 
rate  of  2 1/2  percent  and  a 100-year  project  life. 

The  estimated  average  annual  benefits  are  as  follows: 

Savings  in  transportation  charges  $40,470,000 


Value  of  power 14,838,900 

Flood  control  6,602,600 

Channel  stabilization  6,575,000 

Water  supply 828,900 

Fish  and  wildlife 312,000 

Recreation  2,297,000 

Redevelopment 3,355,800 

Total $75,280,200 


Non-Federal  interests  are  required  to  provide  terminal  and  transfer 
facilities  for  navigation  and  bear  the  cost  of  maintenance  and  operation 
of  all  altered  rail  and  highway  routes,  including  bridges  and  appurten- 
ances, and  utilities  and  other  existing  improvements  not  Federally  owned. 

The  map  shown  as  plate  1 shows  the  key  features  and  lifts  involved 
in  the  water  stairway  that  makes  navigation  possible  to  the  vicinity 
of  Tulsa.  The  first  commercial  load  destined  for  Catoosa,  OK,  arrived 
by  barge  on  18  January  1971,  and  consisted  of  about  650  tons  of  newsprint. 
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locations  of  the  projects  considered  in  this  report. 


Purpose . The  purposes  of  this  study  are  (1)  to  identify  the  original 
capacity  and  energy  estimates  by  project  and  compare  these  with  current 
capacity  and  energy,  (2)  to  compare  the  originally  selected  power  values 
with  current  values,  and  (3)  to  examine  the  system  of  marketing  power. 

To  accomplish  the  purposes  the  following  items  are  covered:  the  power 
aspects  of  each  project  are  summarized;  the  costs  allocated  to  power  are 
identified;  the  power  generated  at  each  project  is  listed;  power  values, 
including  current  values,  are  discussed;  the  power  marketing  arrangements 
and  rates  are  displayed;  and  brief  general  statements  are  made  about  the 
economic,  social,  and  environmental  effect  of  hydroelectric  power  gen- 
eration . 

The  scope  of  the  study  is  limited  to  those  projects  including  power  as  a 
functional  purpose  and  constituting  an  integral  part  of  the  McClellan-Kerr 
Arkansas  River  Navigation  System.  The  following  projects  are  considered: 

Mainstem  projects, 

Dardanelle 

Ozark 

Robert  S.  Kerr 
Webbers  Falls 
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Upstream  project, 
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Keystone 

Tributary  projects, 

Eufaula 

Tenkiller  Ferry 
Fort  Gibson 
Oologah 

Of  the  above  listed  nine  projects,  installation  of  the  authorized  power 
generating  facilities  has  been  deauthorized  at  one,  Oologah,  leaving 
eight  projects  for  study  in  some  detail  in  this  report. 

Two  other  tributary  projects  which  produce  power  are  the  Hudson  and 
Pensacola  projects  located  on  the  Grand  River.  The  projects  were  built 
and  are  operated  by  the  Grand  River  Dam  Authority  and  have  Federal  flood 
control  storage  capacity  included  in  the  reservoirs.  Also,  additional 
power  is  produced  by  the  Grand  River  Dam  Authority  at  the  Salina  pumped- 
storage  project  on  the  Salina  Creek,  a tributary  of  the  Grand  River. 
Significant  quantities  of  power  are  generated  and  marketed  annually  from 
this  group  of  projects.  They  are  not  Federal  power  projects,  and  for 
this  reason  were  not  studied  for  this  report. 

System  operations.  The  projects  considered  in  this  report  are  physically 
interconnected  in  two  ways.  The  first  interconnection  concerns  stream 
flow.  The  table  on  plate  1 shows  that  Keystone,  Pensacola,  Tenkiller, 
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and  F.ufaula  provide  a significant  amount  of  storage  space  in  the 


reservoir  exclusively  for  power  operation.  During  moderate  to  high  river 
discharges,  this  storage  is  filled  to  the  extent  practicable.  During 
subsequent  periods  of  low  natural  flows  when  power  generation  would  be 
minimal,  water  is  released  to  increase  power  generation  at  the  project 
and  at  downstream  power  installations  as  diagrammed  on  figure  1.  This 
procedure  constitutes  system  operation  of  the  power  resources,  and 
permits  generation  of  substantial  amounts  of  power  throughout  the  year, 
whereas  such  power  generation  might  otherwise  be  limited  to  local  rises 
on  the  streams. 

In  addition,  seven  upstream  lakes  provide  flood-control  storage.  This 
storage  is  in  addition  to  power  storage,  and  is  used  only  during  periods 
of  high  flows.  The  projects  with  flood-control  storage  include  Keystone, 

Fort  Gibson,  Tenkiller  Ferry,  and  Eufaula,  as  well  as  Oologah  (power 
deauthor ized) , and  Markham  Ferry  and  Pensacola  of  the  Grand  River  Authority. 

Part  of  the  flood  flow  is  retained  in  the  "flood  control"  storage  in  the 
reservoir  to  lower  flood  stages  (and  damages)  downstream.  As  soon  as 
practicable,  the  water  in  the  flood  control  storage  zone  is  released  to 
make  the  storage  space  available  for  subsequent  flows  which  could  cause 
flooding.  Thus,  the  use  of  flood  control  storage  tends  to  reduce  the  mag- 
nitude of  high  streamflows,  but  extends  the  duration  of  periods  of  moderate 
flow.  Ordinarily,  this  process  of  temporarily  storing  flood  flows  for 
later  release  increases  the  amount  of  water  available  for  use  in  generating 
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hydroelectric  energy.  Because  of  the  need  to  evacuate  flood-control 


storage  as  soon  as  possible,  the  additional  energy  resulting  from  the 
release  of  temporarily  stored  floodwaters  is  normally  available  only 
during  the  immediate  post  flood  period. 

Despite  the  fact  that  Pensacola  and  Lake  Hudson  (Markham  Ferry)  projects 
are  not  Federally  owned,  a portion  of  the  storage  space  that  has  been 
provided  at  Federal  expense  is  reserved  for  flood  control  purposes. 

Under  Section  7 of  the  Flood  Control  Act  of  1944,  the  Corps  of  Engineers 
is  responsible  for  developing  rules  governing  the  use  of  flood  control 
storage  provided  at  Federal  expense.  Accordingly,  the  Corps  has  developed 
a plan  of  flood  control  regulation  for  Pensacola  and  Lake  Hudson  to 
coordinate  their  flood  control  operation  with  the  operation  of  other 
projects  in  the  system.  The  Grand  River  Dam  Authority  operates  the 
projects  according  to  this  plan  during  periods  when  flood  control  storage 
must  be  utilized. 

The  foregoing  constitutes  operation  of  the  interconnected  reservoirs  to 
secure  effective  flood  control.  The  same  group  of  interconnected 
reservoirs  together  with  the  mainstem  low-head  dams  are  operated  as  a 
different  kind  of  system,  that  is,  a system  to  secure  effective  navigation 
even  during  periods  of  low  natural  flows  when  the  system  must  be  operated 
to  secure  sufficient  navigation  channel  depth  by  increasing  flows.  Other 
McClellan-Kerr  Arkansas  River  Navigation  System  purposes  such  as  recrea- 
tion, fish  and  wildlife  enhancement,  etc.,  also  require  some  degree  of 
system  operation  of  the  interconnected  reservoirs. 
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The  second  kind  of  physical  interconnection  among  the  individual  projects 


of  the  Arkansas  River  Navigation  Project  is  provided  by  the  SPA  trans- 
mission lines  connecting  the  projects  with  power  as  diagrammed  on  plate  2. 
These  power  projects,  except  Keystone,  however,  are  connected  directly  to 
one  SPA  transmission  network  along  with  Denison,  Bull  Shoals,  Norfork  and 
Greers  Ferry,  all  Corps  projects.  Interconnections  with  utility  company 
transmission  lines  provides  a system  powered  by  the  projects  already 
referred  to  and  by  numerous  other  Corps  power  projects  as  well  as  by  utility 
company  generating  facilities.  The  system  distributes  the  power  to  customers 
in  the  general  service  area  including  customers  of  SPA.  Operation  of  the 
total  system  affords  a substantial  gain  in  operational  flexibility,  and 
affords  an  opportunity  to  firm  up  low  flow  period  hydro  energy  with  off-peak 
thermal  energy. 

Power  values.  The  Federal  Power  Commission  (FPC)  estimates  the  value  of 
power  from  each  proposed  Federal  multiple-purpose  project  to  determine 
whether  inclusion  of  power  generating  facilities  is  economically  justified. 
This  report  summarizes  background  material  concerning  (a)  the  factors 
considered  in  estimating  the  values  of  power,  (b)  the  values  per  kilowatt 
per  year  and  per  kilowatt-hour  used  at  various  times  and  (c)  the  recent 
rapid  increase  in  the  value  of  power  resulting  from  the  increases  in  cost 
of  fuels,  costs  of  constructing  alternative  power  sources  and  interest  rates. 
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structs  and  operates  the  power  projects  considered  in  this  report,  the  Corps 


does  not  market  this  power.  Power  produced  at  Corps  projects  is  delivered 
to  the  Southwestern  Power  Administration  (SPA)  at  the  high  voltage  terminals 
of  the  power-house  switchyards,  transmitted  to  demand  centers  over  trans- 
mission lines,  some  of  which  are  owned  by  SPA  as  diagrammed  on  plate  2,  and 
sold  to  preference  customers.  Described  later  in  this  report  is  the  authority 
for  this  procedure,  existing  power  marketing  contracts  and  prevailing  rates. 

Other  reports.  The  US  Army  Institute  for  Water  Resources  (1WR)  published 

a report  entitled:  "Hydroelectric  Power  Potential  at  Corps  of  Engineers 

Projects,"  dated  July  1975.  It  deals  generally  with  Corps  power  projects 

over  the  entire  United  States  where  this  report  deals  in  a limited  manner 

with  power  projects  associated  with  the  McClellan-Kerr  Arkansas  River 
Navigation  System. 

University  of  Texas.  The  University  of  Tex's,  Austin  recently  published  a 
report  entitled:  "Influence  of  Alternative  Technologies  on  Energy  Supply" 
by  the  Electrical  Engineering  Department  and  the  Center  for  Energy  Studies. 
This  report  indicates  that  the  technologies  used  today  in  our  energy-supply 
system  are  highly  developed  but  extensive  work  is  being  done  to  develop 
alternate  technologies.  This  report  also  states  that  the  motivation  for 
this  work  generally  is  derived  from  several  desires — such  as:  (1)  to  make 
more  efficient  use  of  our  resources,  (2)  to  deliver  energy  at  lower  cost, 

(3)  to  reduce  environmental  impacts  of  energy  uses,  and  (A)  to  make  avail- 
able alternate  energy  sources.  The  discussion  of  the  report  divided  the 
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subject-matter  into  four  categories: 

(1)  technologies  for  improving  our  use  of  present lv-available 
primary  energy  sources, 

(2)  technologies  to  permit  the  use  of  alternate  primary  energy  sources, 

(3)  alternative  technologies  for  energy  conversion,  storage,  and 
delivery,  and 

(4)  alternative  technologies  for  energy  utilization. 

The  report  concludes  that,  since  hydraulic  energy  depends  upon  natural 
precipitation  and  topography,  and  the  technology  for  its  development  is 
well-known  and  mature,  there  is  doubt  that  any  major  influence  of  alter- 
native technologies  on  hydraulic  energy  development  will  materialize. 
However,  the  large  thermal  plants  now  in  use  produce  electrical  energy 
most  efficiently  when  their  output  is  varied  only  slightly.  This  contrasts 
greatly  with  normal  system  loads  which  vary  between  widely  separated 
extremes.  Since  no  economical  means  exist  at  present  for  storing  electrical 
energy,  other  methods  for  supplying  peak  loads  while  maintaining  essentially 
steady  loads  on  the  base  load  generating  units  must  be  used.  Principally, 
two  means  of  generating  peak  loads  are  presently  considered  for  new  con- 
struction. These  are  (a)  combustion  turbines,  and  (b)  pumped-storage 
hydro  installations.  Existing  conventional  hydro  and  older,  less  efficieit 
thermal  plants  are  also  used  for  this  purpose.  In  the  latter,  the  machines 
operate  as  pumps  using  off-peak  energy  pumping  water  from  a low  lake  to 
a higher  one.  During  peak  load  periods,  this  pumped  water  runs  through 
the  machines,  now  operating  as  turbines,  to  contribute  to  the  system 
peaking  capability.  This  use  of  pumped  storage  levels  out  the  load  on 
other  plants  while  also  adding  peaking  capability.  Conventional  hydro- 
plants and  older  thermal  plants  are  also  used  for  peak  loads. 
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Arkansas-White-Rod  Rivers  System  Conservation  Studies.  A report  dated 
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November  1971  entitled,  "Preliminary  Study  of  Operating  Guide  Curves  for 
Power  Production,"  presents  results  of  preliminary  studies  made  by  the 
Southwestern  Division,  Little  Rock  District,  Tulsa  District,  and  the 
Hydrologic  Engineering  Center  concerning  the  system  operation  of  the 
Federally  owned  hydroelectric  power  plants  on  the  Arkansas,  White  and 
Red  (AWR)  Rivers  whose  output  is  sold  by  the  Southwestern  Power  Adminsitra- 
tion  (SPA)  to  preference  customers. 

SPA  contracts  for  the  sale  of  firm  power  (that  is,  electric  energy  of 
assured  availability  to  the  customer  to  meet  agreed  upon  load  requirements) 
amounting  to  approximately  the  median  year  output  of  the  Federally  owned 
plants.  This  results  in  the  need  for  SPA  to  provide  energy  from  other 
sources  to  firm  up  hydropower  during  years  having  flows  less  than  median 
year  flows.  This  additional  energy  is  usually  purchased  off-peak  from 

i 

investor  owned  utilities  operating  thermal  power  plants.  The  purchased 
energy  permits  the  sale,  as  firm  energy,  of  a greater  portion  of  the 
hydroelectric  energy  which  otherwise  would  have  had  to  have  been  marketed 
as  secondary  or  dump  energy. 

The  AWR  report  points  out  that  the  base  or  minimum  SPA  load  is  quite 
small  compared  to  the  capacity  of  the  Arkansas  run-of-the-river  power 
plants  (that  is,  Dardanelle,  Ozark,  Robert  S.  Kerr,  and  Webbers  Falls) 
and  that  these  plants  operate  continuously  at  full  capacity  for  extended 
periods  during  high  to  flood  flows.  The  result  is  that  the  full  flood 
period  output  of  these  plants  cannot  be  used  during  periods  of  low  SPA 
loads  and  consequently  must  be  marketed  as  secondary  energy. 
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The  AWR  report  presents  results  of  computer  simulations  of  operating  tiie 
AWR  reservoirs,  hydropower  plants,  and  supplementary  thermal  power  plants 


according  to  various  system  guide  curves  to  meet  monthly  SPA  system  loads 
specified  for  the  fiscal  year  1971.  A guide  curve  in  this  context  consists 
of  a graph  in  which  system  hydro  energy  in  storage  (that  is,  the  work,  in 
kilowatt  hours,  which  the  water  held  in  reservoir  storage  can  accomplish 
when  passed  through  the  project  power  plant  and  downstream  power  plants) 
is  plotted  vertically.  The  months  of  the  year  are  plotted  lior izontal 1 y . 

One  or  more  boundary  lines  varying  in  height  above  the  base  line  according 
to  the  season  of  the  year  divide  the  graph  into  two  or  more  horizontal 
bands.  The  uppermost  band  (when  large  amounts  of  energy  are  in 
storage)  might  indicate  that  hydropower  can  meet  all  SPA  loads  and  provide 
excess  energy  for  marketing  as  well.  When  the  season  and  the  amount  of 
energy  in  storage  plot  in  tnis  upper  band,  the  AWR  hydro  power  plants  would 
be  operated  accordingly.  On  the  other  hand,  when  system  energy  storage  is 
at  a minimum,  the  guide  curve  might  specify  minimum  hydroelectric  generation 
at  AWR  plants  and  that  the  hydropower  be  supplemented  by  maximum  purchase 
of  off-peak  thermal  energy.  Intermediate  bands  specify  intermediate 
hydroelectric  generation  supplemented  by  a moderate  amount  of  thermal  energy. 

The  lines  separating  the  horizontal  bands  of  the  graph  constitute  the 
"guide  curves."  These  were  set  to  obtain  best  or  predetermined  results.  A 
lower  guide  curve  was  established  by  adjustments  to  a sequential  routing 

program.  These  adjustments  were  made  until  a guide  curve  was  achieved  that 

* 

provided  for  the  virtual  emptying  of  the  system  power  storage. 


19 


The  routing  used  monthly  flows  for  the  years  1923  through  1967,  derived 
specifically  for  the  AWR  guide  curve  study.  The  flows  may  differ  from  other 
published  averages  and  average  flows  used  in  individual  project  studies. 

A second  guide  curve  was  assumed  at  the  top  of  the  system  conservation 
storage.  A third  guide  curve  was  assumed  midway  between  the  other  two. 

The  AWK  guide  curve  studies  indicated  the  following: 

a.  The  average  annual  energy  for  the  three  guide  curves  differed,  from 
the  highest  to  the  lowest,  by  about  one  part  in  250. 

b.  The  contribution  by  the  AWR  hydro  projects  to  firm  energy  can  be 
expected  to  increase  as  the  guide  curve  is  lowered.  The  increase  from  the 
highest  guide  curve  to  the  lowest  is  about  five  percent. 

c.  The  lower  the  guide  curve,  the  smaller  the  amount  of  energy  that  must 
be  marketed  a secondary. 

d.  The  higher  the  guide  curve, the  greater  the  AWR  hydroelectric  contri- 
bution to  the  capacity  requirements  of  the  SPA  load. 

e.  Present  drawdown  limits  are  such  that  the  minimum  AWR  peaking  cap- 
ability is  about  13  percent  less  than  the  installed  capacity  when  all  the 
reservoirs  are  all  drawn  to  their  limits.  Reducing  drawdown  has  the  effect 
of  increasing  system  dependable  capacity. 

Other  purposes  of  the  projects  in  the  AWR  system  were  considered,  but  not  to 
the  extent  that  power  was  considered. 

The  AWR  report  on  guide  curves  states  that  the  short  term  objective  of  the 
study  of  developing  operation  procedures  for  generating  power  by  the  AWR 


20 


mmm 





system  reservoirs  while  maintaining  the  status  quo  of  the  other  project 
purposes  was  not  achieved.  The  report  recommended  further  study  to  es- 
tablish system  guide  curves  of  the  type  examined  during  the  AWR  study 
together  with  reconsideration  of  changes  in  conservation  pool  levels, 
possibly  by  season,  and  re-examination  of  certain  basic  data. 

SPA  commented  that  the  AWR  study  did  not  produce  a regulation  concept  ade- 
quate for  actual  operation,  although  the  results  did  provide  a basis  for 
further  studies.  SPA  did  point  out  that  changing  conservation  pool  levels 
at  individual  projects  would  necessitate  a change  in  cost  allocation,  par- 
ticularly the  amount  allocated  to  power.  Little  Rock  District  felt  that  an 
urgent  need  existed  for  a simple  basic  plan  for  operation  of  the  AWR  reservoirs, 
and  objected  to  the  use  of  thermal  purchases  as  a factor  in  the  routing  pro- 
cedure since  purchase  of  thermal  energy  was  solely  the  responsibility  of 
SPA,  Little  Rock  also  favored  constant  generation  during  a particular  month 
from  one  year  to  t lie  next  with  no  regard  to  the  drawdown  of  system  in  storage 
below  the  guide  curve.  Tulsa  District  was  concerned  about  the  basic  study 
assumption  that  SPA  loads  must  be  met.  Before  a guide  curve  is  adopted  which 
provides  for  meeting  such  loads,  the  costs  and  benefits  of  such  a procedure 
should  be  considered. 

ROLL  OF  THE  FEDERAL  POWER  COMMISSION. 

Introduction.  The  Federal  Power  Act  authorizes  the  Federal  Power  Commission 
(FPC)  to  make  investigations  of  the  water  resources  of  any  region  to  be 
developed,  to  cooperate  with  the  executive  departments  and  other  agencies  of 
Federal  and  State  Governments  in  water  resources  planning,  and  to  issue 
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licences  to  non-Federal  interests  for  the  construction  and  operation  of 
developments  for  hydroelectric  power  and  other  purposes.  Also,  under  the 
provisions  of  the  Flood  Control  Acts,  and  River  and  Harbor  Acts,  the  Com- 
mission furnishes  advice  to  Federal  Agencies  on  power  phases  of  Federal 
multiple  purpose  projects. 

Power  benefits.  The  benefits  of  power  produced  by  a hydroelectric  project 
are  equivalent  to  the  value  of  the  power  to  the  users  as  measured  by  the 
amount  they  would  be  willing  to  pay  for  such  power.  Normally,  the  cost 
from  the  most  likely  alternative  source  provides  an  appropriate  measure  of 
the  value  of  the  power  to  the  project. 

Normally,  the  value  of  electric  power  is  evaluated  in  terms  of  two  components- 
capacity  and  energy.  The  capacity  value  is  derived  from  a determination  of 
the  fixed  costs  of  the  selected  alternative  source  of  supply.  The  energy 
value  is  determined  from  costs  of  the  alternative  which  relate  to  and  vary 
with  the  energy  output  of  the  alternative  plant.  These  capacity  and  energy 
components  of  power  value  are  usually  expressed  as  dollars  per  kilowatt  per 
year  and  mills  per  kilowatt-hour  of  average  annual  energy.  Power  values 
for  hydropower  plants  are  customarily  estimated  by  the  Federal  Power  Com- 
mission on  the  basis  of  the  cost  of  power  from  a privately  financed  alter- 
native source.  Most  often,  the  alternative  source  is  a modern,  conventional 
steam  electric  plant  located  as  favorably  as  possible  to  the  market  which 
would  be  served  by  the  hydropower  plant.  The  process  of  estimating  the 
at-site  unit  power  values  begins  with  the  at-site  unit  costs  for 
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capacity  and  energy  estimated  for  the  privately  financed  alternative  steam 
plant.  These  unit  costs  are  increased  according  to  the  costs  and  power 
losses  associated  witli  (a)  a steam-electric  sending  substation,  (b)  trans- 
mission lines  from  the  steam-electric  plant  to  the  market,  and  (c)  the  steam 
electric  receiving  station  at  the  market.  The  resulting  values  represent 
the  cost  of  steam-electric  power  at  the  low-tension  connection  at  the  market. 
These  costs  are  then  modified  by  hydro-steam  adjustments  to  derive  the  unit 
benefits  of  hydroelectric  power  at  the  low-tension  connection  at  the  market. 

The  hydro-steam  capacity  adjustment  (an  increase)  is  made  to  account  for  the 
fact  that  most  hydroelectric  plants  are  particularly  adapted  to  serving  peak 
loads  and  operating  as  synchronous  condensers  or  as  spinning  reserve.  Under 
favorable  water  conditions  they  may  also  supply  capacity  in  excess  of  the 
dependable  capacity  of  the  plant.  In  certain  situations,  the  addition  of 
a hydropower  plant  to  a system  displaces  the  addition  of  a low  cost  baseload 
thermal  plant  to  t lie  system  which  would  lower  the  average  cost  of  the  system 
thermal  energy.  In  such  cases,  a negative  adjustment  to  the  cost  of  steam 
electric  energy  at  the  low  tension  connection  at  the  market  is  made  to  deter- 
mine the  unit  energy  benefit  of  hydropower  at  the  same  location.  The  unit 
henefit  values  of  hydroelectric  power  at  the  low  tension  connection  at  the 
market  are  then  reduced  according  to  the  costs  and  power  losses  associated  with 
(a)  the  hydroelectric  receiving  substation  at  market,  (b)  transmission  lines 
from  the  hydroelectric  plant  to  the  market,  and  (c)  hydroelectric  sending 
substation.  The  resulting  values  constitute  the  unit  power  values  at  the 
hydroelectric  power  plant  generator. 
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Hydropower  is  customarily  authorized  for  those  Corps  projects  where  its 
inclusion  appears  economically  justified  and  where  a market  exists  for  the 
power.  One  test  of  justification  is  to  determine  whether  power  benefits 
exceed  the  costs  allocated  to  power.  The  Federal  Power  Commission  in  ac- 
cordance with  its  authorities  and  responsbilities , furnishes  the  Corps 
unit  power  values  as  described  above  for  the  Corps  justification 
studies  of  each  individual  project.  The  Corps  then  applies  the  unit  value 
of  capacity  to  the  dependable  capacity  of  the  project  under  consideration. 
Dependable  capacity  is  defined  for  the  purposes  of  this  report  as  the  load 
carrying  ability  of  a particular  hydropower  project  under  adverse  hydrologic 
conditions  for  the  time  interval  and  period  specified  when  related  to  the 
character ist ics  of  the  load  to  be  supplied.  The  unit  value  of  energy  is 
applied  to  the  project's  average  annual  capability  of  doing  work  which  is 
measured  as  the  average  annual  output  of  the  hydroplant  in  question  measured 
in  kilowatt-hours.  The  sum  of  the  two  components  is  the  average  annual  power 
benefit  of  the  project. 

Alternative  generating  plant  costs.  As  previously  stated,  the  most  likely 
alternative  source  of  electrical  power  is  usually  considered  to  be  a priv- 
ately financed  (investor  owned)  thermal  generating  plant.  Investor  owned  fac- 
ilities are  burdened  with  costs  not  applied  to  government-owned  facilities. 
These  additional  costs  include  a larger  interest  rate,  insurance  (Federal 
projects  are  considered  insured  by  the  Federal  government)  and  taxes  (Federal 
income.  Federal  miscellaneous,  and  state  and  local).  For  example,  the  pro- 
jects considered  in  this  report  were  studied  using  a 6 percent  private  interest 


rate  and  a 2 1/2  percent  Federal  interest  rate.  Obviously  the  assumption 
of  a federally-owned  alternative  thermal  power  plant  would  result  in  lesser 
unit  benefits  for  the  Federal  hydropower  installations.  However,  it  has  not 
been  the  general  policy  of  Congress  to  authorize  federally  financed  thermal 
plants.  Senate  Document  97  did  , however,  provide  that  power  which  could 
be  produced  at  a Federal  hydropower  project  be  produced  at  a cost  less  than 
the  cost  of  producing  equivalent  power  from  a thermo-electric  plant  assumed 
to  be  federally  financed.  FPC  notes  that  this  comparability  test  overlooks 
advantages  of  hydropower  projects  such  as  (a)  hydro  projects  use  a renew- 
able resource  while  thermal  plants  do  not,  (b)  hydropower  projects  do  not 
contribute  to  air  pollution  while  thermal  plants  do,  and  (c)  inclusion  of 
hydropower  as  a project  purpose  in  a multipurpose  project  may  make  possible 
development  of  other  project  purposes  that  otherwise  would  be  precluded  from 
development . 

ROLE  OF  THE  SOUTHWESTERN  POWER  ADMINISTRATION 

Authority . Section  5 of  the  Flood  Control  Act  of  19AA  is  quoted  as  follows: 
"Section  5.  Electric  power  and  energy  generated  at  reservoir  projects 
under  the  control  of  the  War  Department  and  in  the  opinion  of  the  Secretary 
of  War  not  required  in  the  operation  of  such  projects  shall  be  delivered 
to  the  Secretary  of  the  Interior,  who  shall  transmit  and  dispose  of  such 
power  and  energy  in  such  a manner  as  to  encourage  the  most  widespread  use 
thereof  at  the  lowest  possible  rates  to  consumers  consistent  with  sound 
business  principles,  the  rate  schedules  to  become  effective  upon  confir- 
mation and  approval  by  the  Federal  Power  Commission.  Rate  schedules  shall  be 
drawn  having  regard  to  the  recovery  (upon  the  basis  of  the  application  of  such 
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rate  schedules  to  the  capacity  of  the  electric  facilities  of  the  projects) 
of  the  cost  of  producing  and  transmitting  such  electric  energy,  including 
the  amortization  of  the  capital  investment  allocated  to  power  over  a rea- 
sonable period  of  years.  Preference  in  the  sale  of  such  power  and  energy 
shall  be  given  to  public  bodies  and  cooperatives.  The  Secretary  of  Interior 
is  authorized,  from  funds  to  be  appropriated  by  the  Congress,  to  construct 
or  acquire,  by  purchase  or  other  agreement,  only  such  transmission  lines 
and  related  facilities  as  may  be  necessary  in  order  to  make  the  power  and 
energy  generated  at  said  projects  available  in  wholesale  quantities  for  sale 
on  fair  and  reasonable  terms  and  conditions  to  facilities  owned  by  the 
Federal  Government,  public  bodies,  cooperatives,  and  privately  owned  companies. 
All  moneys  received  from  sucli  sales  shall  be  deposited  in  the  Treasury  of 
the  Lnited  States  as  miscellaneous  receipts." 


The  Southwest  Power  Administration  (SPA)  was  formed  as  an  agency  of  the 
Department  of  the  Interior  to  carry  out  the  provisions  of  the  above  quoted 
section  5. 


Preconstruction  role.  During  the  planning  stages,  SPA  is  contacted  for 
an  evaluation  of  the  power  produced  to  determine  whether  it  will  be  possible 
to  market  the  power  from  proposed  projects  at  rates  sufficient  to  pay  off 
the  investment  allotted  to  power.  This  information  supplements  that  furnished 
by  the  Federal  Power  Commission  in  formulating  plans  for  hydroelectric 
plants. 


Postconstruction  role.  The  postconstruction  role  of  SPA  consists  of 


marketing  power  produced  at  Federal  Projects  constructed  by  the  Corps 
of  Engineers  in  an  area  comprising  all  of  Arkansas  and  Louisiana,  and 
portions  of  Missouri,  Kansas,  Texas,  and  Oklahoma.  Much  of  the  following 
data  on  the  SPA  postconstruction  role  was  abstracted  from  the  Institute 
for  Water  Resources  report  75  R-l,  July  1975,  entitled  "Hydroelectric 
Power  Potential  at  Corps  of  Engineers  Projects."  The  power  projects  in 
the  SPA  system  are  listed  in  table  1. 
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Table  1.  Summary  of  power  project  capacity  and  cost.  Southwestern 
Division  Corps  of  Engineers,  1975. 


Proiect 

On-line 

Installed 

Cost  allocated 
to  power 

date 

Capacity,  kw 

$ million 

Beaver 

1965 

112,000 

33.9 

Blakely  Mountain 

1956 

75,000 

25.1 

Broken  Bow 

1970 

100,000 

23.8 

Bull  Shoals 

1953 

340,000 

60.0 

Dardanelle* 

1965 

124,000 

45.4 

DeGray 

1972 

68,000 

22.7 

Denison 

1945 

70,000 

20.7 

Euf aula* 

1965 

90,000 

34.3 

Fort  Gibson* 

1953 

45,000 

16.8 

Greers  Ferry 

1964 

96,000 

34.1 

Robert  S.  Kerr* 

1972 

110,000 

42.2 

Keystone* 

1968 

70,000 

26.8 

Narrows 

1951 

25,500 

7.4 

Norfork 

1944 

70,000 

13.8 

Ozark* 

1973 

100,000 

47.2 

Sam  Rayburn 

1967 

52,000 

23.7 

Stockton 

1973 

45,200 

25.1 

Table  Rock 

1959 

200,000 

53.9 

Tenkiller  Ferry* 

1954 

34,000 

12.0 

Webbers  Falls* 

1974 

60,000 

27.3 

Whitney 

1965 

30,000 

8.3 

1,916,700  kw 

$604.5 

♦Considered  in  this  report.  Nominally  within  the  scope  of  this  report 
are  the  Markham  Ferry  and  Pensacola  Projects  on  the  Grand  (Neosho)  River. 
Information  on  these  projects  is  not  included  in  this  report  since  they 
are  under  the  control  of  the  Grand  River  Dam  Authority. 
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The  SPA  system  can  be  divided  into  two  main  categories:  (a)  integrated 
system  projects  which  are  interconnected  and  operated  to  some  degree  as 
a combined  source,  and  (b)  isolated  projects.  Narrows,  Sam  Rayburn,  and 
Whitney  projects,  from  which  the  power  output  is  sold  for  a fixed  annual 
amount  and  delivered  to  the  transmission  systems  of  other  utilities. 


Marketing  power.  SPA  markets  power  to  preference  customers  under  five 
general  rate  schedules,  according  to  information  contained  in  the  IWR  re- 
port 75-1, entitled  "Hydroelectric  Power  Potential  at  Corps  of  Engineers 
Projects ,"  July  1975.  Which  schedule  and  associated  marketing  arrangement 
applies  to  a particular  customer  is  decided  on  an  individual  basis.  The 
five  schedules  are: 


Schedule 

Kind  of 
service 

Capacity 
charge  in 
$/kw/mo. 
of  billing 
demand 

Energy  charge  in  mills 
/kwh/kw  of  billing 
demand 

Availability 

F-l 

Finn 

power 

$ 1.60 

2.0  for  150  kwh; 

3.0  for  290  kwh; 

5.0  for  rest. 

Firm 

P-2 

Peaking 

power 

$ 1.20 

2.0 

To  wholesale  custom- 
ers as  available, 
1200-2400  kwh/kw/yr. 
as  specified  in  contract. 

EE 

Excess 

energy 

NA* 

1.5 

To  wholesale  customers 
when  available. 

ES 

Emergency 

service 

$ 0.045** 

3.7 

To  wholesale  customers. 

IC 

Inter- 

ruptible 

capacity 

$ 0.045** 

*** 

2.0 

To  wholesale  customers 
when  available. 

* Noc  applicable. 

**  Per  kw  per  day  of  service. 

***  As  an  alternative,  energy  can  be  returned  to  SPA 
as  scheduled  by  SPA. 
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COST  ALLOCATION  STUDIES 


Introduction.  In  order  to  fulfill  the  requirements  of  Section  5 of 
the  Flood  Control  Act  of  1944,  cost  allocation  studies  have  been 
performed  on  all  Corps  of  Engineers  projects  with  power  plants  considered 
in  this  report.  Such  studies  are  not  available  in  the  SWD  files  for  the 
Pensacola  and  Markham  Ferry  projects  since  these  projects  are  controlled 
by  the  Grand  River  Dam  Authority.  Of  the  eight  cost  allocation  studies 
available  on  the  projects  considered  in  this  report,  only  those  for 
Eufaula,  Tenkiller  Ferry,  and  Fort  Gibson  are  indicated  to  have  been 
"adopted"  on  the  "Power  Project  Data  Sheets." 

The  allocation  studies  were  made  to  determine  equitable  distribution  of 
the  various  multi-purpose  costs  among  all  authorized  purposes,  especially 
power,  in  accordance  with  the  Flood  Control  Act  of  1944  which  required 
recovery  of  capital  investment  allocated  to  power.  An  agreement  among 
the  Department  of  Interior,  the  Department  of  the  Army,  and  the  Federal 
Power  Commission,  dated  12  March  1954,  defined  the  procedure  and  listed 
acceptable  methods  to  be  followed  in  the  allocation  of  costs  of  multiple 
purpose  projects.  Based  on  this  agreement  and  on  subsequently  developed 
standards  and  procedures,  cost  allocations  for  the  projects  considered  in 
this  report,  with  the  exceptions  noted  above,  were  based  on  the  separable 
cost-remaining  benefits  method. 
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Description  of  cost  allocation  method.  The  separable  costs-remaining 
benefits  method  consists  of  (l)  determining  the  separable  cost  of  includ- 
ing each  function  in  a multiple  purpose  project,  and  (2)  determining  an 
equitable  distribution  of  the  joint  costs  incurred  for  several  purposes 
in  common.  The  separable  cost  for  each  project  purpose  is  the  difference 
between  the  cost  of  the  entire  multiple-purpose  project  and  the  cost  of  a 
project  with  that  purpose  omitted.  Joint  costs  are  defined  as  the  dif- 
ference between  the  cost  of  the  entire  multiple-purpose  project  as  a whole 
and  the  total  of  the  separable  costs  for  all  project  purposes.  From  the 
estimated  benefits  or  alternate  costs,  whichever  is  less,  separable  costs 
are  deducted  to  give  remaining  benefits.  Joint  costs  are  distributed  in 
proportion  to  the  remaining  benefits  for  each  purpose.  The  sum  of  separable 
costs  and  distributed  joint  costs  for  each  purpose  constitutes  the  total 
cost  allocated  to  that  purpose.  Bv  subtracting  the  separable  cost  from 
the  benefits  or  alternate  costs,  whichever  is  less,  for  a purpose,  the 
cost  allocated  to  that  purpose  is  limited  to  the  separable  cost  as  a min- 
imum and  the  benefits  or  alternative  costs  as  a maximum. 

The  cost  allocation  studies  all  exclude  costs  for  specific  recreational 
facilities  and  road  replacement  over  replacement  in  kind  from  project  costs 
allotted  to  other  purposes. 

Annual  costs  and  charges.  The  average  annual  operation  and  maintenance  costs 
were  estimated  on  the  basis  of  experience  gained  from  actual  operation  and 
maintenance  of  similar  projects.  The  annual  cost  of  operation  and  main- 
tenance for  specific  recreation  facilities  is  excluded  from  the  total  project 
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annual  operation  and  maintenance  cost.  The  estimated  average  annual 
costs  of  major  replacements  were  estimated  on  the  basis  of  charges  equal 
to  25  percent  of  the  cost  of  hydraulic,  mechanical,  and  electrical  equip- 
ment at  the  end  of  33  and  67  years.  The  annual  cost  was  determined  by 
amortizing  the  present  worth  of  the  estimated  expenditure  33  and  67  years 
hence  at  2-1/2  percent  interest  over  the  assumed  project  life  of  100  years. 

Interest  during  construction  was  computed  on  the  basis  of  (1)  actual 
fiscal  year  expenditures  for  the  study  period,  (2)  actual  monthly  expend- 
itures during  the  construction  period  to  the  time  the  allocation  study 
was  made,  and  (3)  scheduled  expenditures  for  the  remaining  portion  of  the 
construction  period.  The  expenditures  for  items  in  each  cost  account  were 
classified  as  specific  or  joint-use  costs.  Interest  during  construction 
on  the  total  specific  and  joint-use  expenditures  was  computed  separately 
at  2-1/2  percent  simple  interest  per  annum  from  the  middle  of  the  period  in 
which  the  expenditure  occurred  until  the  first  of  the  month  following  av- 
ailability for  service  of  the  items  for  navigation  or  power.  Each  of  the 
generating  units  was  considered  available  for  service  in  the  month  in  which 
it  went  into  operation.  Each  project  was  considered  available  for  navi- 
gation on  the  date  the  navigation  lock  is  scheduled  for  completion.  The 
in-service  date  for  these  functions  was  considered  as  the  first  of  the  month 
following  their  availability  for  service.  On  the  scheduled  in-service  date 
for  a particular  function,  the  cost  of  the  joint-use  facilities  allocated  to 
that  function  was  also  considered  in  service,  and  interest  during  construction 
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lor  those  costs,  .is  wo  1 1 ;is  specif  1 1'  costs,  w.is  oil  scout  timed*  Interest 
on  expenditure  utter  the  In-service  doles  w.is  considered  operat inn 
expense . 

The  costs  ot  specific  recreation  facilities  and  road  relocations  over 
replacement -in-kind  were  excluded  from  the  construction  expenditures  before 
making  an  allocation  of  costs  to  navigation  and  power;  therefore,  interest 
during  construction  has  not  been  computed  tor  those  costs. 

The  estimated  average  annual  charges  include,  (.1)  interest  on  the  Federal 
investment  computed  at  2-1/2  percent,  (.’)  t ho  amount  necessary  to  amortize 
the  investment  in  100  years  at  a .’-1/2  percent  Interest  rate,  ( ))  the 
average  annual  cost  of  operation  and  maintenance,  and  (4)  the  average  annual 
amount  necessary  for  replacement  of  items  having  an  estimated  life  of  less 
than  100  years.  The  annual  charges  for  interest  and  amortization  are  on 
the  basis  of  the  .approved  cost  estimate  in  use  at  the  time  ol  the  allo- 
cation study  less  t he  estimated  cost  of  specific  recreation  facilities  and 
road  relocations  over  replacement -in-k lnd  plus  the  interest  that  would  accrue 
during  the  construction  period. 

Ue net  its.  In  determining  the  annual  power  benefits  tor  the  project,  at-site 
unit  power  values  were  obtained  from  the  Federal  Power  Commission,  Fort  Worth 
Regional  Office.  The  unit  values,  determined  as  previously  described,  were 
applied  to  the  amount  of  power  expected  from  each  project  to  determine  total 
power  benefits  at  the  project  site. 
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Alternative  projects.  The  basic  data  used  in  preparing  the  plans  and 
cost  estimates  for  the  alternative  single-purpose  projects  were  the  same 
as  those  useu  in  developing  the  plan  and  cost  estimate  for  the  multiple- 
purpose  project.  In  developing  t lie  cost  estimates  for  the  alternative 
projects,  the  dams  were  assumed  to  be  of  the  same  general  type  and  located 
at  the  same  site  as  the  multiple-purpose  project.  Unit  prices  used  in 
the  alternative  single-purpose  project  estimates  are  comparable  to  those 
used  in  the  multiple-purpose  project  estimate.  The  estimated  operation 
and  maintenance  and  major  replacement  costs  for  the  alternative  projects 
are  generally  on  the  same  basis  as  those  for  the  multiple-purpose  project. 

Summary  of  costs  allocated  to  power.  The  results  of  the  cost  allocation 
studies  performed  to  date  are  summarized  in  table  2.  Data  in  the  table  show 
that  the  estimates  for  the  eight  projects  varied  in  total  investment  cost 
from  a low  of  about  $23,400,000  for  Tenkiller  Kerry  to  a high  of  about 
$122,800,000  for  Keystone.  The  percentage  of  the  estimated  total  invest- 
ment cost  allocated  to  power  ranged  from  a low  of  almost  23  percent  for 
Keystone  to  a high  of  almost  57  percent  for  the  Ozark  project.  Current  cost 
estimates,  shown  in  the  lower  portion  of  the  table,  for  total  investment  are 
very  near  the  cost  estimated  originally,  except  in  the  two  instances  of 
Ozark  and  of  Webbers  Falls.  These  two  projects  cost  substantially  more 
than  the  original  estimates.  Also,  the  percentages  allocated  to  power 
at  all  the  projects  are  approximately  the  same  as  in  the  previous 

cost  allocation  estimates.  For  each  of  the  projects  for  which  cost  allo- 
cation studies  were  made  (eight  in  all),  the  current  approved  estimate 
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differs  from  that  used  in  t lie  original  cost  allocation  studies.  It  is 
understood  that  the  percentage  of  the  total  cost  allocated  to  power  was 
intended  to  be  used  with  the  current  approved  estimate  to  determine  the 
amount  currently  allotted  to  power.  Current  approved  estimates  and  amounts 
allotted  to  power  appear  on  the  "Cost  Allocation  Data  Sheets"  prepared  for 
each  power  project  regularly.  Information  extracted  from  December  .1974 
"Data  Sheets"  and  "Cost  Allocation  Data"  are  presented  on  table  2 for  com- 
parison with  the  data  taken  from  cost  allocation  reports.  It  is  noted  that 
power  data  taken  from  the  cost  allocation  reports  differ  slightly  from  the 

data  from  the  "Power  Project  Data  Sheets."  Power  data  are  changed  as 
(a)  storage  is  reduced  by  sedimentation,  (b)  tailwater  levels  change, 

(c)  flow  record  lengthens  (d)  more  severe  low-flow  periods  occur,  etc. 

The  data  on  the  preceding  table  indicate  that  the  percentages  derived  in 
the  cost  allocation  studies  are  not  used  on  the  "Cost  Allocation  Data" 
sheets.  The  differences  are  small,  and  again,  the  reason  for  the  differ- 
ences is  not  known. 

Lise  of  results.  The  Finance  and  Accounting  Branch  in  SWD  carries  running 
accounts  on  eacli  project  in  terms  of  total  first  cost,  investment,  first  cost 
allocated  to  power  and  investment  allocated  to  power.  The  last  named  value 
is  given  on  the  last  line  of  table  2.  This  amount  represents  the  cost  to 
be  recovered  as  required  in  section  5 of  the  Flood  Control  Act  of  1944.  It 
was  not  possible  to  check  the  values  precisely;  they  do,  however,  appear 
to  be  very  nearly  consistent  witli  the  values  established  by  the  cost  allo- 
cation study. 
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POWER  PLANT  PERFORMANCE. 


1 


Introduction.  Data  on  power  production  were  assembled  from  SWD  and 
districts  to  compare  the  output  expected  during  the  planning  stages  with 
the  actual  plant  performance.  Monthly  summaries  are  prepared  by  each 
district  for  each  hydroelectric  power  plant  on  SWD  Form  584-C.  A copy 
of  a completed  form  for  the  Dardanelle  power  plant  for  January  1970  is 
attached  as  figure  2 for  ready  reference.  Annual  energy  generation  data 
are  also  available  from  "Power  Project  Data  Sheets"  on  a fiscal  year 
basis , 


Output . Major  factors  which  affect  the  output  of  a hydroelectric  plant  are, 
(1)  availability  of  water,  (2)  availability  of  load,  and  the  (3)  availability 
of  the  plant.  The  latter  factor  concerns  the  portion  of  the  time  in  which 
parts  or  all  of  the  power  plants  are  shut  down  for  repair,  maintenance,  or 
inspection.  These  factors,  as  evidenced  by  the  basic  data  described 
above  are  discussed  in  the  following  paragraphs. 


Flows.  Average  annual  flows  at  the  power  project  sites  are  compared  with 


annual  power  and  flood  control  releases  in  the  following  table. 


Flows  in  cubic  feet  per  second 


Project 

Dardanelle (1)  (2) 

Ozark  CD  (2) 

Robert  S,  Kerr  (1)  (3) 

Webbers  Falls  (1)  (3) 

Eufaula 

Keystone 

Tenkiller  Ferry 

Fort  Gibson 


Mean 

1970 

1971 

33,500 

33,000 

26,600 

33,800 

(4) 

(4) 

28,780 

(4) 

(4) 

20,800 

(4) 

(4) 

5,858 

4, 5b0 

3,670 

6,373 

4,130 

3,290 

1,428 

1,850 

1,030 

7,751 

5,710 

5,550 

1972 

1973 

1974 

21,400 

92,600 

65,500 

(4) 

88,100 

62,200 

16,400 

75,700 

52,300 

(4) 

(4) 

43,000 

2,790 

11,390 

7,140 

1,990 

16,800 

12,410 

1,070 

3,740 

2,540 

4,850 

9,070 

8,680 
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U.S.  AfillY  ENGINEER  DIVISION,  SWD  Reports  Control  Synbol  SWOGW-HI 
CORPS  OF  EHGIIIEERS 
SUMMARY  OF  OPERATIONS 

Hydro  Plant  T.it-t-T/>  r<-ir-V  District  Month  of  . Jnnaarx I9jx 


RESERVOIR  OPERATIONS 

root  tl.  - BEGINNING  MOUTH 3J  Q ,Q 

root  el.  - two  or  month  3 3G  . o?  ■ 

t tm in 

max.  elevation  r-  = ,n. 5 

MIII.  ELEVATION  7 n.n.  Tl  7 7 6 . ?7 

Ay.  POOL  ELEVATION 777  1 6 • 

AV.  T A I LWAT  E R E IfVATIQK 7Rfi_  ?0  J 

A V.  GROSS  w;aq 49, 96» 

-tsoiy.  usable  power  storage  29-700 i _ 

CHANGE  IN  STORAGE  I Of  -I r_3ZrdOQ 

COMPUTED  INFLOW ■'.Sfl  ■ 370  

~tv apqr'atTqm 7 7Qri 

FOWCJ  PliCNANOt 56S,-530 

FIOOD  CONTROL  01  SCI!  AROE p 

TOTAL  DIsTTTuGt  A fiG6  ■ 040 

max,  daily  discharge  oat  | /13 . 5r,o 

MW.  DAILY  DISCHARGE  0AT3T. 4 , 630 

1 DISCHARGE  USED  FOR  POACH 99 . 9 

POT.  POWER  IN  POWER  DISCHARGE  56,092 . 5 • 
PLANT  CFFICIEMCr 93.1 

IaclLidas.-IC-C-I:_disciiiir.oC-  of  51P_J3S 

HECIMTATI06 

NO.  OATS  OF  RAINFALL 

•a  ax  1 mu  :a  6th .60 

TOTAL  FOR  MON  TM  1.45 

TEAR  TO  DATE  20.01 


POWER  PLANT  OPERATIONS 

GENERATION  IN  M.H  THIS  MONTH 

MOUSE  UNITS 

MAIN  UNITS 46.603.0  ■ 

CROSS  GENERATION JA,  GflT  n 

STATION  USE 717  n 

NET  GENERATION  A 4 r.  ; HP,-  p 

DELIVERED  TO  SPA 46.230.5/ 

* Include?;  55.5  for  navigation 

POWER  R ECEI/EO  IMW») 

F OR  CONDENSING Q_ 

FOR  STATION  USE  317.0 

TOTAL  RECEIVED 317,0 

STATION  USE  IMWHl 

TROM  HOUSE  UNITS  

FIIOM  MAIN  UNITS 7 1 y n 

FROM  LINE  n 

TOTAL  STATION  USE  y n 

OEIIANO  ON  PLANT 

MAX,  HOUR  HWH  T.1Q;  HOUR  1 n.n. 

MAX.  OAK  MAN  V 7 7A7 


THIS  TEAR 

2&&.2Z. 6^0. 
343,33333- 

L,3ai_2- 

343,31333 


1.922.2 

1.922.2 


LOAO  FACTOR 


PLANT  SERVICE  FACTORS  1MAIN  UNITS! 

44.4 


(1)  Does  not  include  leakage  water. 

(2)  For  period  1923  to  1967  and  including  the  dry  1960's. 

(3)  For  periods  1923  to  between  1955  and  1960.  At  projects  where  both 
short  and  long  period  means  are  available  the  short-term  means  are  larger 


than  the  means  for  the  longer  period. 


(4)  Releases  as  a percent  of  the  mean 


Project 

1970 

Pardanelle 

Ozark 

Robert  S.  Kerr 

Webbers  Falls 

98.5 

F.ufaula 

77.8 

Keystone 

64.8 

Tenkiller  Ferry 

121.1 

Fort  Fibson 

103.6 

flow  are  given  below: 
Percent  of  Mean  Annual  Flow 


1971 

1972 

1973 

1974 

79.4 

63.9 

276.4 

260.7 

195.5 

184.0 

57.0 

263.0 

184.9 

212.0 

62.6 

47.6 

194.5 

121.9 

51.6 

31.2 

263.6 

194.7 

67.4 

70.0 

179.3 

166.2 

81.7 

82.6 

293.6 

205.5 

The  above  tabulation  shows  that  1970,  1971  and  1972  were  generally  quite 
dry  years  with  significant  variations  from  average  run  offs.  The  years 
1973  and  1974,  on  the  other  hand,  were  very  wet  years.  This  tabulation 
also  indicates  that  average  discharges  for  a particular  year  in  terms  of 
a percentage  of  the  mean  can  vary  from  drainage  area  to  drainage  area. 
For  example,  1973  was  a wet  year  at  all  eight  projects,  but  the  flow  at 
Eufaula  was  only  about  twice  average,  while  at  Ft.  Gibson  the  flow  was 
about  three  times  the  average.  The  year  1970  was  quite  dry  at  Keystone; 
the  flow  being  about  65  percent  average,  while  at  Tenkiller  Ferry  the 
flow  was  121%  of  the  average.  In  1972,  flows  were  below  average  at  all 
projects,  but  at  Keystone  the  flow  was  about  31  percent  of  the  average, 
while  at  Fort  Gibson  it  was  about  83  percent  of  the  average. 


r 


energy . Another  correlation  was  made  as  indicated  on  figure  3.  The 
percentage  of  flow  used  for  power  generation  during  a particular  year 
was  plotted  against  the  flow  during  the  year  expressed  as  a percent  of 
the  mean.  The  fact  that  points  for  a particular  project  do  not  fall  on  a 
curve,  hut  rather  in  a band  indicates  that  years  of  equal  flow  do  not 
necessarily  result  in  the  same  annual  power  generated  at  a particular 
project.  The  lower  part  of  the  trend  line  for  Fort  Gibson  illustrates  this 
very  nicely.  For  about  82  percent  of  average  flow,  from  76  to  88  percent 
was  used  for  power. 

The  reason  for  these  aberrations  is  readily  evident.  For  example,  during 
one  year,  high  average  flows  might  result  from  very  high  flood  flows  of 
short  duration,  while  during  another  year,  moderately  high  flows  can  prevail 
during  much  of  the  year  with  only  a few  flood  peaks.  In  the  latter  case, 
a larger  portion  of  the  total  flow  can  be  used  to  generate  power. 

A review  of  the  data  presented  on  the  SWD  Forms  584-C  Summary  of  Operations, 
indicated  numerous  instances  when  flood  control  releases  were  made  during 
months  when  the  generators  operated  less  than  100  percent  of  the  time  that 
they  were  available,  i.e.  not  closed  down  for  any  reason.  This  suggests 
that  some  of  the  flood  control  release  might  have  been  passed  through  the 
turbines  to  generate  more  energy.  To  determine  whether  and  how  much  addi- 
tional energy  is  available,  requires  more  detailed  information  and  analysis 
than  is  available  on  these  forms  and  more  time  than  is  available  for  this 
study. 
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WEBBERS  FALLS 


KEYSTONE 


TENKILLER  PERRY 


DARDANELLES^ 


PERCENT  OP  ANNUAL  FLOW  USED  FOR  POWER 
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ANNUAL  FLOW  vs • 

PERCENT  OP  PLOW  USED  FOR  POWER 
Figure  3 


There  are  several  ways  in  which  one  might  rationalize  how  it  happened 
that  flood  control  releases  were  made  during  a month  during  which  the 
power  units  did  not  operate  100  percent  of  the  time  they  were  available. 

One  possibility,  is  that  flows  during  part  of  the  month  were  not  great 
enough  to  permit  full  capacity  operation  every  day.  Another  possibility  is 
that  SPA  might  have  been  constrained  from  marketing  tiie  full  capacity 
continuous  generation.  It  is  probable,  however,  that  racist  of  the  instances 
under  discussion  could  represent  a loss  of  energy  that  might  have  been 
generated.  Of  the  385  Summary  of  Operation  Forms  examined  for  this  report, 
118  indicated  flood  control  releases  during  months  while  the  generators 
operated  less  than  99  percent  of  the  time.  Of  the  385,  12  for  Ozark  and 
4 for  Webbers  Falls  are  for  the  period  before  the  power  plant  was  in  full 
operation. 


In  another  analysis,  annual  energy  as  a percent  of  the  average  was  plotted 
against  annual  flow  as  a percent  of  the  average.  The  resulting  curve  with 
data  for  Ozark  and  Webbers  Falls  omitted,  is  shown  on  figure  4.  The  points 
for  each  project  plot  along  a well  defined  trend-line,  but  none  of  the  trend- 
lines  pass  through  the  points  where  average  flow  yields  average  energy.  The 
trend-line  for  Dardanelle  comes  nearest  to  this  point  with  100  percent  average 
annual  flow  producing  about  104  percent  annual  energy,  or,  stated  in  another 
way,  about  90  percent  of  average-annual  flow  produced  average-annual  energy. 
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The  other  trend-lines  indicate  that  average  flow  produced  from  92  to  120 
percent  of  the  average  annual  energy,  or  average  annual  energy  might  be 
produced  by  72  percent  to  110  percent  of  the  average  annual  flow. 

Figure  4,  being  based  solely  on  flows  and  generation  for  the  years  1970 
through  1974,  demonstrates  that  low  flows  were  the  cause  of  less  than  average 
generation  experienced  generally  during  1971  and  1972,  and  that  high  flows 
as  in  1973  and  1974  generally  result  in  greater  than  average  generation. 

The  portions  of  the  trend-lines  illustrate  the  manner  in  which  some  projects 
can  use  larger  amounts  of  water  to  a better  advantage  than  other  projects. 

For  example,  at  Dardanelle,  large  flows  can  actually  cause  reduced  generation 
because  the  high  flows  raise  tailwater  while  the  pool  level  remains  essen- 
tially constant.  During  extreme  floods , this  reduction  in  head  can  be  great 
enough  to  stop  power  generation  completely.  At  Keystone,  on  the  other  hand, 
large  annual  flows  would  mean  higher  pool  levels,  since  both  power  and  flood 
control  storage  is  provided  in  the  reservoir.  Higher  tailwater  levels  also 
prevail,  but  the  increase  in  tailwater  elevation  is  not  as  large  as  the  in- 
crease in  pool  level.  At  some  point,  additional  water  will  not  produce  more 
energy  since  there  is  a limit  to  the  permissible  pool  level,  and  because  the 
turbine  output  is  mechanically  limited  to  about  115  percent  of  the  name-plate 
generator  capacity.  These  and  other  factors  account  for  the  more  or  less 
vertical  upper  legs  displayed  by  the  trend-lines  for  Dardanelle,  Eufaula, 
Robert  S,  Kerr,  Fort  Gibson,  and  Keystone. 
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Dependable  capacity.  From  the  completed  Summary  of  Operation  Forms  the 
maximum-hour  kilowatt-hour  generation  was  taken  to  represent  the  generating 
capability  during  the  month  solely  for  the  purpose  of  this  study.  The 
data  were  then  arranged  in  the  order  of  descending  magnitude,  and  a dura- 
tion curve  was  computed  assuming  each  value  to  represent  one  month.  The 
maximum-hour  output  was  divided  by  generator  capacity  so  that  all  data  were 
expressed  in  terms  of  percent  of  generator  rating.  The  data  so  derived  was 
plotted  on  rectangular  coordinates.  The  results  are  presented  on  figure  5. 


One  way  of  defining  dependable  capacity  consists  of  assuming  arbitrarily 
that  it  is  the  generating  capability  which  is  equalled  or  exceeded  some 
high  percentage  of  the  time.  For  the  Arkansas  River  project,  the  value  is 


understood  to  have  been  assumed  as  95%.  On  this  basis  dependable  capacity 


might  be  computed  as 

Percent 

Project  rating 

of  the 

follows : 

of  generator 
exceeded  95% 
time 

Generator 
rating 
iOOO  kw 

Dependable 

This 

method 

capacity  1000  KW 
CE 

value 

Dardanelle 

95 

124 

118 

124 

Ozark  (1) 

Robert  S.  Kerr 

113 

110 

124 

100 

Webbers  Falls  (1) 
Eufaula 

87.5 

90 

79 

88 

Keystone 

53  (2) 

70 

37 

70 

Tenkiller 

105 

34 

36 

28 

Fort  Gibson 

107 

45 

48 

45 

(1)  Ozark  and  Webbers  Falls  have  been  omitted  because  they  were  not 
in  full  operation  during  the  entire  period  of  study. 

(2)  For  five  months,  four  of  them  consecutive,  one  generator  or  the 
other  was  out  of  service.  If  this  constituted  a scheduled  overhaul 
period  which  should  not  be  included  in  the  determination  of  dependable 
capacity,  then  dependable  capacity  is  68%  of  generator  rating  or  48,000kw. 
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•DARDANELLE  ,^-FORT  GIBSON 


TENKILLER  FERRY' 


KEYSTONE 


PERCENT  OF  TIME  GREATER  THAN 


PERCENT  OF  TIME  GREATER  THAN  VS 
PERCENT  OF  GENERATOR  CAPACITY 
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the  projects  are  capable  of  In  serving  load  as  far  as  capacity  Is  concerned. 
A full  analysis  would  require  the  simultaneous  consideration  of  energy  as 
well  as  capacity  to  meet  the  requirements  of  the  system  load.  This  full 
analysis  was  not  undertaken  because  a large  amount  of  additional  work  would 
be  required.  The  results  of  the  analysis  of  the  sums  of  maximum  hourly 
generation  is  shown  on  figure  6.  The  monthly  sums  for  the  eight  plants  of 
this  report  and  of  the  16  plants  in  the  interconnected  system  are  shown  for 
the  years  1970  through  1975,  and  are  compared  with  the  "dependable  capacity" 
and  the  "minimum  capability"  prevailing  during  the  period  of  study,  and  the 
"hydro  contribution  to  peak  interconnected  system  load"  for  December  1975. 
"Dependable  capacity"  for  the  various  projects  was  taken  from  the  "power 
project  data  sheets"  and  the  "minimum  capability"  values  are  from  the  SPA 
report  of  December  1975.  The  figure  indicates  the  following: 

a.  The  sums  of  dependable  capacity,  minimum  capability  and  maximum 
hourly  generation  grew  through  most  of  the  1970-1975  period. 

b.  The  sums  of  maximum  hourly  generation  are  generally  greater  than 
the  sums  of  dependable  capacity  for  both  the  eight  and  the  16  plants. 

c.  The  hourly  sums,  where  less  than  the  sum  of  dependable  capacities, 
may  be  the  result  of  market  conditions  rather  than  generating  capability. 

d.  In  view  of  the  foregoing,  both  the  eight  projects  of  this  report 
and  the  16  projects  serving  the  interconnected  load  probably  could  have  met 
the  capacity  requirements  of  system  load  amounting  to  the  sums  of  the  de- 
pendable capacities  of  the  individual  projects  during  the  period  examined. 
How  well  the  energy  requirements  of  such  a load  would  be  served  by  the  16 
plants  is  not  known. 
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Millions  of  kilowatts 


e.  The  definition  of  the  SPA  term  "minimum  capability"  should  be 
determined  as  should  its  relation  to  the  term  "dependable  capacity." 

f.  The  large  difference  between  the  "sum  of  t lie  maximum  hourly  gen- 
eration" for  December  1975  (1.699  million  kilowatts),  and  the  "hydro  contri- 
bution to  peak  interconnected  load"  for  the  same  date  should  be  determined. 

g.  The  contribution  of  the  eight  projects  of  this  report  to  the  peak 
interconnected  system  load  is  probably  less  than  the  sum  of  the  dependable 
capacities,  but  only  because  the  total  system  interconnected  load  appears 
to  be  less  than  the  total  dependable  capacity. 

Monthly  plant  factor.  The  monthly  plant  factor  as  used  in  this  study  is 
defined  as  the  average  rate  at  which  energy  is  generated  during  the  month 
divided  by  the  generator  rating  and  then  expressed  as  a percent.  Plant 
factors  were  taken  from  SWD  Summary  of  Operation  Forms  for  each  month  for 
each  project.  The  monthly  values  (termed  capacity  factor  in  the  SWD  Forms) 
were  arranged  in  a descending  order  of  magnitude,  and  a duration  curve  was 
prepared  from  this  array.  The  duration  curves  for  six  projects  are  pre- 
sented as  figure  7. 

The  flat  upper  portion  of  the  curve  for  Fort  Gibson  suggests  that  more 
energy  might  be  generated  at  that  project  if  more  generating  capacity  were 
provided.  In  fact,  the  powerhouse  has  space  provided  for  two  additional 
11,250  kw  units.  Their  installation  has  not  been  scheduled. 
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s PERCENT  OP  TIME  GREATER  THAN 


NOTE:The  monthly  plant  factor  is 
the  average  generation  during  the 
month  divided  by  the  generator 
rating  and  expressed  as  a percent. 
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MONTHLY  PLANT  FACTOR  vs. 
PERCENT  OP  TIME  GREATER  THAN 

Figure  7 


■ 


During  low-flow  periods,  the  plant  or  capacity  factor  falls  to  very  low 
values  as  indicated  by  Figure  7.  The  plant  factor  at  Keystone  and 
Eufaula  falls  to  particularly  low  values  during  these  low-flow  periods, 
that  is  to  about  6 percent.  However,  this  is  the  way  these  projects  were 
designed  to  operate. 

Power  plant  operation.  Summary  of  Operation  Forms  for  each  project  gave 
the  monthly  generation  in  kilowatt  hours,  and  the  total  time  that  each 
power  unit  was  generating  for  each  project.  From  these  data  were  derived 
total  annual  generation  for  various  years,  and  total  unit-hours  it  took 
to  generate  this  energy.  These  data  are  summarized  in  Table  3.  The  annual 
energy  was  then  divided  by  the  total  generating  hours  to  determine  the 
average  rate  in  kilowatts,  at  which  the  power  was  generated.  This  value  was 
then  divided  by  the  total  plant  generator  rating  to  express  the  average  gen- 
erating rate  while  generating  as  a percent  of  the  total  generator  rating. 

The  results  of  these  computations  are  also  shown  in  this  table. 

The  average  generating  rate  while  generating  is  very  nearly  the  generator 
rating,  in  fact,  the  average  of  all  full-year  generation  data  is  about  9b. 0 
percent  of  the  total  generator  rating.  Ozark  was  omitted  because  tiie  record 
forms  indicated  that  the  project  had  not  attained  normal  operation  even 
though  two  years  of  operating  record  were  available  on  SWD  Forms  584C. 
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TABLE  3 

Average  Plant  Output  While  Generating 


r 


Calendar 

vear 

ProJ ect 

Avg 

1970 

1971 

1972 

1973 

1974 

Dardanelle  (4  @ 31,000kw) 

Energy  10°  kwh/yr. 

634.6 

689.8 

498.2 

759.5 

878.7 

Time,  101 2 3  hours  generators  operated 

(1) 

19.5 

20.0 

16.8 

28.8 

29.7 

Ave.  power  while  generating,  10J  kw 

2.5 

29.5 

29.7 

26.3 

29.6 

Ave.  as  Z of  generator  rating 

95.2 

104.8 

95.2 

95.9 

84.9 

95.4 

Ozark  (5  units  @ 20,000  kw) (2) 

Energy,  10^  kwh/yr 

28.7 

353.4 

Time,  103  hrs,  generators  operated 

(1) 

2.8 

20.7 

Ave.  power  while  generating,  103  kw 

10.0 

17.1 

Ave.  as  Z of  generator  rating 

50.0 

85.3 

Robert  S.  Kerr  (4  units  @27.500  In/) 

Energy,  10°  kwh/yr 

405.7 

783.8 

849.1 

Time,  103  hrs.,  generators  operated 

(1) 

14.6 

29.1 

29.6 

Ave.  power  while  generating,  103  kw 

27.9 

26.9 

28.7 

Ave  as  Z of  generator  rating 

101.2 

101.4 

97.9 

104.3 

Webbers  Falls  C3  units  @ 20,000  kw) 

Energy,  10°  kwh/yr 

373.4 

Time,  103  hrs. , generators  operated 

(1) 

19.9 

Average  power  while  generating  10 J kw 

16.3 

Ave.  as  Z of  generator  rating 

93.7 

93.7 

Eufaula  (3  units  @ 30,000  kw) 

Energy,  10°  kwh/yr 

233.8 

193.4 

156.4 

472.2 

34S.3 

Time,  103  hrs. , generators  operate^ 

(1) 

8.6 

7.3 

5.9 

15.7 

11.7 

Average  power  while  generating,  103 

kw 

27.2 

26.5 

26.7 

30.1 

99.1 

Average  as  Z of  generator  rating 

98.4 

95.0 

94.9 

93.5 

104.3 

104.2 

Keystone  (2  units  @ 35,000  kw) 

Energy  106  kwh/yr 

167.5 

160.5 

97.5 

442.4 

454.3 

Time,  103  hrs.,  generators  operated 

(1) 

5.0 

4.8 

3.0 

12.1 

12.5 

Average  power  while  generating,  103 

kw 

33.2 

33.2 

32.7 

36.5 

36.5 

Average  as  Z of  generator  rating 

98.4 

95.0 

94.9 

93.5 

104.3 

104.2 

Tenklller  Ferry  (2  units  @ 17,000  kw) 

Energy,  10°  kwh/yr 

145.1 

95.2 

99.8 

230.1 

206.8 

Time  103  hrs.,  generators  operated 

Cl) 

8.4 

5.7 

5.9 

12.4 

11.6 

Average  power  while  generating  10J  kw 

17.3 

16.8 

17.0 

18.6 

17.8 

Average  as  Z of  generator  rating  102.9 

101.6 

98.7 

99.9 

109.3 

104.9 

Fort  Gibson  (4  units  @ 11,250  kw) 

Energy,  10^  kwh/yr 

222.8 

216.0 

189.2 

367.0 

343.0 

Time,  103  hrs.,  generators  operated 

(1) 

18.5 

17.8 

15.6 

29.7 

27.7 

Average  power  while  generating,  103 

kw 

12.1 

12.1 

12.1 

12.4 

12.4 

Average  as  Z of  generator  rating  108.5 

107.2 

107.6 

107.7 

110.0 

110.0 

AVERAGE 

99.0 

100.7 

96.9 

97.9 

101.2 

100.8 

(1)  Total  unit-hours,  103,  generators  were  on  line. 

(2)  Not  included  in  averages. 

Note:  Average  plant  output  in  Kilowatts  while  operating. 
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The  inference  drawn  from  the  above  statistic  is  that  each  of  the  27 


generating  units  is  fitted  into  the  daily  load  curve  very  carefully,  that 
each  unit  comes  on  the  line  and  is  taken  off  the  line  at  times  which  ful- 
fill two  requirements,  i.e.,  meet  the  power  demand  and  use  the  amount  of 
water  available  for  the  day.  This  seems  to  be  accomplished  well,  since 
the  record  shows  a minimum  of  "wasted"  water,  i.e.,  releases  other  than 
those  made  during  obviously  flood  period. 

Reservoir  operating  rules.  The  reservoirs  considered  in  this  report  are 
operated  in  accordance  with  a system  of  regulations  that  prescribe  flows 
according  to  the  season  and  other  factors.  No  attempt  was  made  for  this 
report  to  evaluate  the  regulations  as  they  relate  to  the  generation  of 
power.  The  following  figures  8 and  9 illustrate  some  of  the  applicable 
regulations  at  Eufaula  and  Keystone  projects. 

Generating  history.  SPA  monthly  production  reports  contain  data  on  annual 
generation  of  all  Corps  power  projects  in  the  SPA  system  extending  back  to 
the  year  each  plant  was  placed  in  operation.  Table  4,  data  for  which  was 
extracted  from  the  December  1975  SPA  report,  shows  annual  generation  for 
each  of  the  projects  examined.  Mean  annual  generation  is  also  shown  for 
each  project.  Although  obviously  partial  years  were  excluded  from  com- 
puting the  mean  generation,  other,  not  so  obvious,  partial  year  records  may 
still  influence  the  mean.  Below  the  mean  for  each  project  is  shown  the 
estimated  average  generation  used  on  the  Power  Project  Data  sheets.  Below 
the  latter  is  presented  the  ratio  of  the  mean  to  the  estimated  average. 
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REQUIRED  FOR  NAVIGATION 


TABLE  4 


Net  Ceneiallun  from  Tower  Projects 

by  years. 

1953  — 

1975 

1,000,000  kwh 

Main  stem  projects 

Upstream  projects  1 

Trib. 

projects 

Calendar 

Year 

Robert 

Pat  da-  0/ark  S.  Webbers 

nclle  Kerr  Falls 

Euf au- 
la 

Key- 

stone 

Ten- 

Killer 

Ferry 

Fort 

Cibson 

Total 

8 

projects 

1953 

10.4(*)f5)  *!.! 

51.5 

1934 

51.7 

45.9 

97.6 

1953 

57.7 

107.4 

165.1 

1956 

25.6 

35.3 

60.9 

1957 

106.3 

113.2 

219.5 

1936 

118.9 

184.1 

303.0 

1939 

105.3 

197.9 

303.2 

1960 

106.6 

227.3 

333.9 

1961 

149.8 

308.5 

458.3 

1962 

96.8 

236.1 

332.9 

1963 

57.6 

63.0 

90.6 

1964 

4.4<» 

30.9 

74.9 

110.2 

1965 

190.3 

78.6 

65.6 

172.3 

506.8 

1966 

295.3 

89.9 

79.4 

105.7 

570.3 

1967 

424.2 

.t» 

28.3 

177.6 

689.1 

1968 

669.2 

228.0 

144.0 

144.9 

286.5 

1472.6 

A 

1969 

733.8 

320.4 

271.4 

140.6 

323.3 

J789.5 

1 

1970 

634.6 

233.8 

167.5 

145.1 

222.8 

1403.8 

1971 

589.8  197.9(,) 

193.4 

160.5 

95.2 

216.0 

1452.8 

1972 

498.2  405.7 

156.4 

98.0 

99.8 

189.2 

1447.3 

1973 

759.5  28.(.<"<i)83.8  (.7. 5(1^'’) 

472.2 

422.2 

230.1 

367.0 

3130.9 

1974 

878.7  35J.6<5)  849.1  373.4 

348.3 

454.3 

206.8 

343.03 

3807.2 

1975 

734.4  469.5  703.7  318-3 

398.9 

355.4 

170.3 

264.5 

3415.0 

No.  of  yrs 

11  2 5 2 

11 

8 

22 

23 

Mean (2) 

583  412  608  346 

234 

259 

104 

187 

2733 

E*t . (2> ( t 

613  429  459  213 

317 

228 

114 

190 

2563 

Ratio  (4) 

0.95  0.96  1.32  1.62 

0.74 

1.14 

0.91 

0.98 

1.064 

(1)  Not  in 

(2)  In  mil 

(3)  From  p 

(4)  Meati/F 

eluded  in  computation  of  averages, 
lions  o(  kvh/yr. 

ow.-r  project  data  sheets;  1973,  197-'*. 
st . 

Note:  Generation  values  in  this  table  are  for  calendar  years 
report  which  are  on  fiscal  year  basis. 

and  differ  from  other  tables 

in  this 

j 

The  ratios  range  from  0.74  for  Eufaula  to  1.62  for  Webbers  Falls.  Except 
for  Eufaula,  the  projects  with  the  longer  generation  records  have  ratios 
of  0.91  to  0.98.  The  projects  are  Fort  Gibson,  Tenkiller  Ferry  and  Dar- 
danelle.  Ozark  also  has  a ratio  in  this  range,  0.96,  but  its  record  includes 
1974,  a high  water  year  during  which  the  project  was  not  completely  in  op- 
eration. Had  the  plant  been  in  full  operation,  its  ratio  would  have  ap- 
proximated those  of  the  Robert  S.  Kerr  project  with  a ratio  of  1.32  and 
Webbers  Falls  project  with  a ratio  of  1.62.  The  high  ratios  of  the  latter 
two  plants  results  from  the  fact  that  the  generating  record  is  dominated 
by  years  of  relatively  high  flows,  1973,1974  and  1975. 

Eufaula,  with  a ratio  of  0.74,  presents  an  interesting  contrast  with  Key- 
stone with  a ratio  of  1.14.  The  difference  in  ratios  is  apparently  due  to 
the  relatively  dry  years  1965,  1966,  1967  which  occurred  right  after  Eufaula 
was  placed  in  operation,  but  which  has  not  reoccurred  since  the  time  Keystone 
was  placed  in  operation.  Examination  of  the  last  column,  total  generation 
through  the  years  as  the  number  of  plants  on-line  increased  from  two  in 
1953  to  eight  in  1975,  presents  an  interesting  overview.  The  year  1970 
shows  reduced  generation  from  the  previous  year  undoubtedly  caused  by  de- 
creased flows.  The  years  1971  and  1972  showed  very  little  improvement 
despite  the  addition  of  Robert  S.  Kerr.  These  were  quite  dry  years.  How- 
ever, in  1973,  increased  flows  permitted  the  8-plant  system  to  generate  at 
a rate  about  22  percent  greater  than  the  estimated  rate  despite  the  fact 
that  Ozark  and  Webbers  Falls  operated  only  during  a small  part  of  the  year. 
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This  trend  continued  through  1974  and  1975  when  generation  at  the  eight 


plants  was  48  and  33  percent  greater  than  original  estimates.  In  1974, 
all  plants,  except  Ozark  which  was  not  in  full  operation,  produced  more 
energy  than  the  estimated  average.  In  1975,  all  eight  plants  produced 
more  than  the  estimated  average  for  each  plant.  Figure  10  is  a plot  of 
the  ratio  of  mean  actual  generation  to  the  originally  estimated  generation 
vs.  the  number  of  years  of  record  with  upper  and  lower  enveloping  curves. 
The  figure  shows,  as  one  would  expect,  that  the  enveloping  curves  approach 
a value  near  one  with  increasing  number  of  years  of  record.  The  fact  that 
the  enveloping  curves  seem  to  approach  a value  somewhat  less  than  one  may 
or  may  not  be  significant.  There  are  not  enough  data  points  in  the  plot 
to  make  a fine  distinction.  The  data  do  seem  to  indicate  that  the  original 
estimates  are  probably  quite  good,  possibly  within  5 percent,  or  better. 

Summary.  The  following  points  can  be  drawn  from  the  foregoing  paragraphs. 

. Of  the  years  studied,  1970  was  the  nearest  to  being  average,  although 
the  calendar-year  flow  varied  from  project  to  project,  e.g.,  from  65  to 
121  percent  of  the  average. 

. 1971  and  1972  were  very  dry  years,  and  power  generation  was  below' 
the  estimated. 

. 1973  and  1974  were  very  wet  years.  In  1973,  Fort  Gibson  passed 
almost  three  times  the  average  flow. 

. An  increase  in  annual  flow  increases  the  amount  of  flow  that  can 
be  used  for  power,  but  generally  the  percentage  of  the  total  flow  that 
can  be  used  for  power  decreases. 
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Hatlo  riean  actual  annual  generation 

estimated  average  annual  generation 


RATIO, KEAN  ACTUAL  GENERATION  TO 
ESTIMATED  ANNUAL  GENERATION  VS. YEARS  POWER 
PLANT  HAS  BEEN  IN  OPERATION 
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Figure  10 


. tn  tlio  year  l '■l 7 0 general  ion  of  the  plants  studied  decreased  from 
tlio  previous  year,  presumably  because  flows  decreased. 

. In  I 9 1 1 , t lows  decreased  and  generation  at  Arkansas  River  project 
power  plants  remained  low  in  spite  ol  the  addition  of  the  Robert  S.  Kerr 
project  to  the  system  during  the  year. 

. flows  decreased  further  in  1972,  and  system  generation  remained 
static  in  spite  of  full  time  operation  of  the  Robert  S.  Kerr  power  plant. 

. Tin'  trend  of  low  t lows  and  low  general  ion  ended  in  197  1 when  I lows 
and  generation  essent  lolly  doubled  over  the  previous  year. 

. The  high  flows  and  high  generation  continued  in  1974. 

. Generating  data  indicates  that  high  generation  extends  through  197ri. 

. Generation  for  1973,  and  1974  exceeded  the  originally  estimated 
average  generation  for  all  eight  projects  even  though  the  Ozark  project  was 
not  in  full  operation  during  all  of  1971  and  1974,  the  Webbers  falls  project 
was  on  I v in  partial  operation  during  1974  . 

. It  may  be  possible  to  Increase  generation  during  high  Mow  years. 

At  fort  Gibson,  additional  power  units  could  accomplish  this.  At  other 
projects,  changes  in  the  operating  rules  may  be  possible  for  this  purpose. 

. Diita  on  actual  generation  are  not  extensive  enough  to  determine  con- 
clusively whether  the  average  generation  used  for  economic  studies  was 
accurate.  Trend  studies  seem  to  indicate,  however,  that  the  original  esti- 
mates were  reasonably  accurate. 

. for  the  short  period  examined,  dependable  capacity  values  for  the 
projects  studied  appear  inconsistent,  f.xaminat  ion  of  a longer  period  ol 
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operation  may  show  dependable  capacity  to  be  closer  to  the  originally 
estimated  values.  If  not,  further  study  might  be  warranted  as  to  the  cause. 

. Duration  curves  of  monthly  plant  factor  (average  monthlv  rate  of 
generation  divided  by  total  generator  rating,  express, -d  is  percent)  show 
a wide  variation  among  the  projects  considered.  ’!'•  . in  t h,  range 

of  105  to  115  percent.  Only  one,  that  ior  1 rt  i . s flat  I >p 
indicative  of  less  than  complete  developm,  r • i w.-r 

end,  the  curves  bottom  at  6 to  20  per  ent  • • ;■>•••.  In'  mi  i 

and  Keystone  showed  the  lowest  curve  • in  ' > • ■ • i ■ r • 

the  highest. 

. The  power  plants  generated  power  nl  , tended. 

The  percent  of  the  time  during  the  month  licit  I wer 

was  roughly  proportional  to  the  amount  of  wit.-r  . n c t t ,t  urpose. 

When  generating,  the  power  units  operated  at  about  the  r. Heritor  rating.  j 

. The  type  of  operation  described  above  is  essentially  i pe  king  op- 
eration with  each  unit  moving  up  and  down  on  the  load  curve  as  appropriate 

* 

to  use  available  water. 

POWER  MARKETING  FUNCTIONS. 

Introduction.  Section  5 of  the  Flood-Control  Act  of  1944  requires 
coordinated  operations  by  Southwestern  Power  Administration  (SPA) , the  Corps 
of  Engineers  (SWD  in  this  case),  and  Federal  Power  Commission  (FPC)  in 
conjunction  with  the  operation  of  multi-purpose  projects  with  power.  These 
operations  are  discussed  in  the  following  paragraphs. 
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SPA  operations.  SPA  receives  the  power  generated  at  Corps  projects  at  the  high 
voltage  side  of  the  switch  yard,  transmits  it  over  a transmission  system 
that  includes  some  lines  owned  by  SPA,  and  delivers  it  to  customers,  who, 
in  turn,  pay  SPA  for  the  power.  From  the  revenues  collected  each  year, 

SPA  pays  its  own  costs  such  as  payroll,  office  costs,  interest  on  invest- 
ment, amortization  of  debt,  and  so  forth.  The  remainder  is  sent  to  the 
Treasury  as  miscellaneous  receipts  as  required  by  the  1944  Flood  Control 
Act.  SPA  informs  the  Corps  of  Engineers  of  the  gross  amount  of  this 
remainder.  The  Corps  uses  this  remainder  to  keep  a running  account  of  the 
recovery  of  costs  allocated  to  power  at  each  project.  Details  of  SPA 
operations  as  they  pertain  to  SPA  customers  are  discussed  in  the  following 
paragraphs.  Most  of  the  following  information  may  be  found  in  IWR  review 
draft  dated  November  1974,  subject:  "Reevaluation  of  Hydropower  Potential 
at  Corps  of  Engineers  Projects." 

SOUTHWESTERN  ELECTRIC  POWER  COMPANY 

The  SPA  contract  with  Southwestern  Electric  Power  Company  (SWEPCO)  serves 
the  full  load  requirements  of  SPA's  preference  customers.  SWEPCO  inter- 
grates power  from  Corps  projects  with  its  thermal  power  and  delivers  it  at 
a normal  load  factor  to  SPA  preference  customers.  SWEPCO  pays  according 
to  the  P-2  rate  for  primary  energy  (1800  Kwh/kw  annually).  For  the  firm- 
ing power  SPA  pays  SWEPCO  according  to  SWEPCO's  regular  rates  $ 1 . 65/monthly 
kw  and  3.0  mills  per  kwh.  The  latter  charge  is  subject  to  a fuel  supple- 
The  preference  customers  pay  SPA  according  to  the  F-l  schedule. 
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The  net  effect  of  the  above  arrangements  was  a deficit  estimated  in  1970 
at  $32,000.  To  recover  the  losses  noted  above,  SPA  revised  its  energy 
charge  for  the  P-2  schedule  from  2.0  to  2.9  mills/kwh.  When  FPC  approved 
the  new  rate  SWEPCO  cancelled  its  contract  with  SPA. 

PUBLIC  SERVICE  COMPANY  AND  OKLAHOMA  GAS-ELECTRIC  COMPANY 

The  SPA  contract  with  the  Public  Service  Company  of  Oklahoma  and  Oklahoma 
Gas-Electric  Company  (Oklahoma  companies)  is  similar  to  the  contract  with 
SWEPCO;  however,  among  other  differences,  SPA  charges  $1.60  per  monthly 
kw  and  3.5  mills  per  kwh.  Also  the  Oklahoma  companies  may  purchase  inter- 
ruptible capacity  in  addition  to  peaking  power  and  excess  energy  according 
to  the  1C  rate  schedule.  During  1970  SPA  incurred  about  $800,000  in 
losses  in  this  contract,  and  proposed  to  add  a 1.4-mill/kwh  "service  charge 
component"  to  the  P-2  rate.  FPC  approved  the  increase  in  1971,  but  imple- 
mentation was  delayed  pending  the  Associated  case  (discussed  below) 
decision  in  the  courts. 

ASSOCIATED  ELECTRIC  COOPERATIVE 

In  1962,  SPA  signed  contracts  with  Associated  Electric  Cooperative,  Inc., 
an  association  of  six  REA  cooperatives  and  with  three  private  utility 
companies.  The  contract  provided  that  SPA  would  supply  288,000  kw  and 
345.6  million  kwh  of  annual  firm  energy  at  the  P-2  peaking  power  rate.  In 
addition,  supplemental  energy  may  be  supplied  to  Associated  at  2.0  mills/kwh. 
Power  is  delivered  by  transmission  lines  owned  by  Associated.  For  use  of 
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these  lines  and  other  services  such  as  providing  reserve  generating 
capacity,  Associated  is  given  an  annual  credit  which  is  subtracted  from 
the  amount  due  SPA.  This  credit  almost  equalled  the  revenues  due  SPA, 
for  example,  between  1962  and  1969  SPA  received  $34.4  million  from  Asso- 
ciated and  paid  $30.4  million  to  Associated  for  various  credits. 

To  reduce  deficits  SPA  imposed  a $2,647,100  annual  transmission  service 
charge.  FPC  approved  the  charge  on  28  May  1970,  but  implementation  has 
been  delayed  pending  a decision  by  the  U.S.  Court  of  Appeals. 

SPA's  contract  with  the  three  private  utilities  provides  for  supplying 
192,000  kw  and  1200  kwh  annually  for  each  kw  according  to  the  P-2  schedule. 
The  contracts  between  Associated  and  the  private  companies  provide  for 
interconnection  of  transmission  systems  and  pooling  of  SPA  peaking  hydro- 
power. 

ARKANSAS  POWER  AND  LIGHT  COMPANY 

A 30-year  SPA  contract  expiring  on  21  December  1983  with  the  Arkansas 
Power  and  Light  Company  (AP&L)  provides  for  the  sale  of  150,000  kw  with 
2,400  annual  kwh  per  kw,  plus  25  million  kwh  per  month  of  excess  energy. 
AP&L  in  turn  delivers  110,000  kw  of  high  load  factor  power  to  Reynolds 
Metal  Company  (a  defense  industry)  at  Arkadelphia,  Arkansas.  The  initial 
rate  was  1.25  mills/kwh  during  which  could  be  increased  to  2.0  mills/kwh 
during  the  last  10  years  of  the  30-year  contract. 
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IWR  Appraisal.  The  marketing  practices  of  SPA  have  been  reviewed 
numerous  times.  The  following  appraisal  appeared  in  the  IWR  review  draft 
of  November  1974,  entitled:  "Reevaluation  of  Hydropower  Potential  at  Corps 
of  Engineers  Projects."  The  appraisal  starts  with  a statement  that  of  all 
Federal  power  marketing  agencies,  SPA's  financial  performance  was  the  worst. 

By  1973,  the  cummulative  deficit  had  reached  $15  million,  but  since  then 
the  deficit  has  declined  because  of  favorable  water  flow  conditions  and  the 
1970  rate  adjustments. 

GA?  (quoted  in  the  IWR  report)  identified  the  main  reasons  for  SPA  deficits 
as  the  contract  provisions  for  (a)  excessive  and  inequitable  credits  to 
customers  for  performing  services  for  the  government,  (b)  sale  of  power 
to  support  a defense  industry  (Presumably  Reynolds  Metals),  (3)  SPA's 
purchase  of  off-season  power  which  it  was  not  able  to  market. 

The  1970  rate  adjustments  and  the  introduction  of  the  annual  transmission 
charge  contributed  significantly  towards  offsetting  the  unfavorable  clauses. 

However,  in  the  case  of  certain  contracts  the  issue  of  their  legality  is 
still  pending  in  the  courts. 

A revision  of  SPA  rate  schedule  and  a change  in  marketing  policies  may  be 
needed,  according  to  the  IWR  report,  rather  than  the  offsetting  charges 
noted  above.  In  addition  to  exchanging  high-value  peaking-power  for  lower 
value  high-load  factor  power,  SPA  also  had  to  pay  the  utilities  according 
to  rates  according  to  the  higher  thermal  generation  costs.  As  the  SPA 
system  can  supply  2200  kwh  per  kw  during  an  average  year  and  1200  kwh  per 
kw  during  a dry  year,  it  would  be  more  economical  to  contract  for  peaking 
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sales  with  an  annual  1200  to  1800  kwh  per  kw  than  firm  service  that  may 
require  an  annual  4400  kwh  per  kw  which  requires  purchasing  firming 
energy . 

SPA  also  could  revise  its  rate  levels  between  the  various  schedules, 
according  to  the  IWR  report.  For  example,  the  capacity  charge  for  peaking 
service  is  25  percent  less  than  the  corresponding  charge  for  firm  service. 

Also,  peaking  energy  is  valued  at  only  a slightly  higher  rate  than  excess 
energy,  and  at  the  same  rate  as  for  energy  with  interruptible  capacity 
service,  and  substantially  less  than  for  energy  with  firm  service.  Since 
the  value  of  energy,  especially  peaking  energy,  is  increasing  because  of 
increasing  fuel  costs,  SPA  has  a strong  reason  to  revise  its  rates  to  re- 
\ fleet  more  realistically  the  economic  value  of  the  power  service  supplied. 

Instead  of  offering  discounts  for  substation  services,  it  would  be  simpler 
for  SPA  to  sell  power  at  the  primary  (higlj) voltage  side  of  the  switchyard  and  to  add 
charges  for  providing  additional  services  according  to  the  cost  of  the  services. 

The  IWR  report  summarizes  SPA's  marketing  weaknesses  as  (a)  contracting  to 
market  "firm  power"  in  quantities  greater  than  that  produced  (and  estimated 
for  production)  by  these  projects,  (b)  the  unfavorable  marketing  arrange- 
ments in  which  SPA  ends  up  paying  the  difference  in  cost  between  thermal 
and  hydropower  generated,  (c)  rate  levels  which  are  not  related  to  the 
economic  value  of  the  peaking  service  supplied,  and  (d)  discount  policies 
which  result  in  poor  economic  returns  from  the  sale  of  power. 
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sidered  in  this  report,  in  accordance  with  the  requirements  of  navigation, 
flood  control,  power,  and  other  purposes.  Power  requirements  are  estab- 
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lished  by  the  SPA,  and  the  Corps  operates  the  powerhouses  accordingly 
unless  flood  control  or  other  emergency  situations  dictate  otherwise.  Also 
the  Corps  must  operate  these  plants  in  consonance  with  the  availability 
of  water.  Monthly  operations  are  reported  internally  in  the  Corps  on  the 
Summary  reports  which  have  already  been  discussed.  Also,  the  Corps  main- 
tains each  project  and  makes  such  capital  additions  to  the  power  instal- 
lations as  necessary. 

FPC  activities.  FPC  activities  are  primarily  regulatory.  In  that  capacity 
FPC  reviews  and  approves  (or  disapproves)  rate  changes  proposed  by  SPA, 
and  other  agencies  marketing  power  from  Corps  projects.  FPC  has  commented 
on  SPA  policies  and  practices,  but  apparently  has  no  power  to  force  changes 
in  SPA.  Postconstruction  FPC  contact  with  the  Corps  is  apparently  limited 
to  the  Form  1 report  submitted  by  the  Corps  each  year. 

Summary.  The  main  points  concerning  SPA  operations  are  summarized  as 
follows . 

. SPA  sells  firm  power  to  preference  customers  at  low  rates. 

. SPA  buys  power  to  supplement  the  output  of  Corps  projects  which 
produce  essentially  peaking  power  and  are  actually  operated  as  peaking 
plants . 

. Unfavorable  contract  clauses  have  resulted  in  low  power  revenues. 


. Supplemental  charges  by  SPA  have  offset  the  adverse  effects  of 
the  unfavorable  clauses,  but  the  legality  of  some  of  the  supplemental 


charges  has  yet  to  be  resolved  by  the  courts. 

. Running  accounts  are  kept  on  each  project  with  power  to  keep  track 
of  the  recovery  of  costs  allocated  to  power. 

CHANGES  WITH  TIME. 

Introduction . The  Flood  Control  Act  of  1944  is  now  more  than  thirty  years 
old  and  the  economic  relationships  that  prevailed  in  the  decades  following 
the  Act  have  changed.  This  section  examines  these  factors  briefly  as  they 
relate  to  the  study  of  Arkansas  River  power  projects. 

Price  indexes.  Table  5 was  extracted  from  the  IWR  report,  75  Rl,  July  1975, 
entitled:  "Hydropower  Potential  at  Corps  of  Engineers  Projects"  where  it 

appeared  as  table  V-2.  The  table  was  modified  by  deleting  the  third  to 
the  last  and  last  columns  and  substituting  columns  entitled  "March  1975" 
and  "Percent  change,  1970-March  1975." 

The  table  demonstrates  the  recent  general  escalation  of  prices  with  which 
we  are  all  acquainted.  Most  notable  is  the  very  large  increase  in  the 
price  of  fuels  of  all  kinds.  These  increases  are  being  reflected  in  the 
increase  in  the  cost  of  electrical  power,  which  is  also  demonstrated  in 
the  table  5. 
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Value  of  power.  Changes  in  the  value  of  power  can  be  demonstrated 
most  readily  by  citing  the  values  furnished  by  FPC  and  used  in  the  various 
project  studies  in  the  Southwestern  Division,  Corps  of  Engineers  and 
arranging  them  in  chronological  order.  This  is  done  in  table  6. 
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Table  6.  Summary  of  power  values  from  FPC  based  on  private  financing, 
1945-1975 . 


Price 

Project 

Power  values 

Interest 

Fuel  for 

Level 

Dependable 

rate 

Alternative 

Capacity 

Energy 

plant 

dollars/kw 

Mills/kwh 

percent 

1945 

Arkansas  River 

13.30 

1.13 

1953 

Tenkiller  Ferry  and 

Fort  Gibson 

19.90 

1.15 

1963 

Dardanelle 

20.50 

2.0 

1-64 

Ozark 

16.00 

1.9 

1964 

Eufaula 

17.00 

1.9 

1965 

Dardanelle 

20.00 

2.1 

1-65 

Dardanelle 

17.50 

2.1 

1966 

Robert  S.  Kerr 

16.50 

1.9 

1966 

Webbers  Falls 

16.50 

1.9 

1968 

Keystone 

18.50 

1.9 

7-73 

Tennessee  Colony 

42.40 

2.4 

1-74 

Ft.  Gibson  #5  & 6 

48.30 

5.9 

8.75 

Coal 

83.60 

1.6 

8.75 

Nuclear 

2-74 

Wolf  Bayou 

43.40 

5.7 

8.75 

Coal 

13.70 

17.4 

8.75 

Turbine 

77.70 

1.6 

8.75 

Nuclear 

2-74 

Norf ork 

40.30 

5.6 

8.75 

Coal 

13.70 

16.9 

8.75 

Turbine 

71.70 

1.5 

8.75 

Nuclear 

2-74 

Denison  // 3 

45.90 

4.1 

8.75 

Coal  & Lignite 

82.40 

1.5 

8.75 

Nuclear 

7-74 

Fort  Gibson 

63.50 

6.4 

Coal 

7-74 

Norf ork 

58.50 

5.7 

Coal 

7-74 

Denison 

62.50 

4.7 

Coal 

7-74 

Kaw 

62.00 

6.3 

Coal 

12-74 

Fort  Gibson  // 4 & 5 

67.50 

6.4 

8.75 

12-74 

Denison  #3 

67.70 

6.4 

8.75 

12-74 

Kaw 

66.00 

6.4 

8.75 

1-75 

Bell  Foley 

89.30 

11.0 

10.00 

Coal (1) 

Bell  Foley 

90.60 

1.6 

10.00 

Nuclear (2) 

Bell  Foley 

12.80 

29.0 

10.00 

Turbine (3) 

1-75 

Wolf  Bayou 

94.50 

10.0 

10.00 

Coal (1) 

Wolf  Bayou 

100.00 

1.6 

10.00 

Nuclear (2) 

Wolf  Bayou 

25.00 

25.0 

10.00 

Turbine(3) 

1-75 

Norfork 

91.80 

16.6 

10.00 

Coal (1) 

Norfork 

90.30 

1.6 

10.00 

Nuclear (2) 

Norfork 

18.40 

52.0 

10.00 

Turbine(3) 

(1)  Power  factor  (P.F.)  = 55% 

(2)  P.F.  = 65% 

(3)  P.F.  = 7.5 % 
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the  Corps  power  projects  considered  in  this  report  are  compared  in  table  7. 
The  values  are  for  fiscal  years  1970  through  1974  during  which  sharp  in- 


creases in  prices  were  experienced  as  illustrated  in  table  6 and  discussed 
in  the  previous  paragraph.  The  gross  revenues  as  shown  on  the  following 
table  show  a contrary  trend.  This  trend  is  emphasized  in  the  tabulation 
below,  which  was  developed  by  summing  for  each  year  the  gross  revenues  of 
those  projects,  in  table  7,  that  operated  during  each  of  five  fiscal  years. 


Fiscal 

Gross  revenues  of  5 

year 

selected  projects 

1970 

$5,938,000 

1971 

7,109,000 

1972 

6,381,000 

1373 

5,707,000 

1974 

5,697,000 

This  table  also  shows  other  trends  that  run  counter  to  expectations. 

The  most  striking  is  the  $0. 52/kwh  derived  for  the  revenue  per  kwh  for  the 
first  part  year  of  operation  of  the  Ozark  project.  This  is  in  extreme  con- 
trast with  the  revenue  per  kwh  for  the  first  year  of  operation  of  Webbers 
Falls  where  the  value  is  0.79  mills.  There  are  many  cases  where  increased 
generation  is  accompanied  by  declining  revenues  as  indicated  in  this  table. 
The  most  extreme  case  occurred  in  FY's  1972  and  1973  at  the  Tenkiller 
Ferry  project  when  generation  increased  from  79,644,000  kwh  to  198,093,000 
while  revenues  dropped  from  $596,000  to  $537,000.  The  revenue  per  kwh 
dropped  from  7.48  mills  per  kwh  to  2.71  mills  per  kwh,  by  a factor  of  2.76. 
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TABLE  7 
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NET 

GENERATION  VS. 

GROSS  REVENUES 

Net 

Gross 

Revenue 

Ave . Rev 

Generation 

Revenues' 

Per  KWH, 

Per  KWH, 

Project 

FY 

1000  KWH 

$1000 

Mills/KWH 

Mills/KWH 

Dardanelle 

70 

674,712 

2,178 

3.22 

71 

571,480 

2,452 

4.29 

72 

511,296 

2,330 

4.56 

73 

668,737 

1,925 

2.88 

74 

845,020 

2,045 

2.42 

3.34 

Ozark 

73 

143 

74 

517.48 

3.93 

74 

156,166 

614 

3.93 

Robert  S.  Kerr 

72 

368,202 

434 

1.18 

73 

652,017 

1,725 

2.65 

74 

850,280 

1,702 

2.00 

2.06 

Webbers  Falls 

74 

272,962 

217 

0.79 

0.79 

Euf aula 

70 

174,192 

1,446 

8.30 

71 

205,581 

1,629 

7.92 

72 

214,596 

1,464 

6.82 

73 

383,817 

1,255 

3.27 

74 

347,739 

’ 1,272 

3.66 

5.33 

Keystone 

70 

222,855 

1,121 

5.03 

71 

120,833 

1,254 

10.38 

72 

138,553 

1,212 

8.75 

73 

308,796 

1,004 

3.25 

74 

447,276 

1,027 

2.30 

■ 4.54 

Tenkiller  Ferry 

70 

101,924 

598 

5.87 

71 

140,141 

628 

4.48 

72 

79,644 

596 

7.48 

73 

198,293 

537 

2.71 

74 

189,528 

530 

2.80 

4.07 

Fort  Gibson 

70 

244,690 

855 

3.49 

71 

213,463 

919 

4.31 

72 

173,724 

929 

5.35 

73 

328,043 

864 

2.63 

74 

360,241 

823 

2.28 

3.33 

74 


A |>;»rt  i.il  oxpl.  ui.it  Ion  I «>  i i he  I orogo  i ng  is  (li.it  muoh  ol  i in-  ro.isud  gon- 
«' « .« t i i'll  itiado  possiblo  t'V  I In-  inotoasod  I lows  ot  1 1>  7 1 .uni  1074  probablv  was 
inarkotud  .is  low  oost  sooondarv  ot  "dump"  onorgv.  Tin*  lull  r a ngo  ot  roasons 
pi  oli.il' Iv  i no  1 lull'  t lio  mot  hod  usoii  liv  tin'  Corps  to  .i  II  oo.it  o rovonuos , .uni  t ho 
aotlvit  it's  ol  tin1  iiiarkot  ing  agotiov,  SPA,  wlifoti  .u<-  bovoinl  tin'  scopo  ol  this 
toport . 

Pro  |ou  t rovonuos  , .is  disoussod  in  I lio  provlous  paragraph,  .n  o aouotnit  od  I or 
Sv'lolv  tot  t ho  purposo  ot  asoort  a i n 1 up  whothoi  I ho  rosl  .i  1 1 ooa  t od  to  powot 
.it  o.toli  prii  )oot  is  ho  inn  rooovorod  .is  roipiiioil  liv  Soot  (on  'i  ol  t ho  t'looil 
Control  Aot  ot  1‘l.Vi.  Pro  loot  powi'i  houol  its,  .i  sop.ir.ito  ootioopt  uni  t ho 
siihjout  i’i  this  p.'ii  agrapli , wore  ost  i inn  tod  .il  v.ii  ions  slmlv  stagos  prior  to 
projoot  oi'iist  mot  ion  to  asstiro  th.it  t ho  valuo  i'i  Itvdropowoi  (.as  nioasurod  hv 
t ho  oi'st  ol  producing  on  o«|utvalont  amount  ol  powoi  In-  I ho  most  likolv 
.iltorn.ito  moans) ns  proviously  disoussod.  was  grontot  than  tin-  oost  ot  pro- 
ducing it.  Table  8 compares  various  estimates  ol  average  annual  powoi 
houol  its  accruing  during  t ho  I (seal  vours  1077  and  1074,  using  aotual  I isoal 
voar  energy  generation  amounts.  Tho  voar  1'*’.’  was  solootod  hooauso  it  was 
I ho  Iasi  voar  ol  rooord  during  wit  1 oh  gotioral  (on  was  low.  Tho  taot  that  tho 
I’.-urk  and  Wol'hors  Kails  pro|oots  woro  not  operating  during  1077  is  accounted 
lot  in  tho  I ah  1 o . Tho  vo.u  1074  was  .solootod  hooauso  (a)  il  was  a good  watot 
. it  1 1 hough  not  as  good  as  107  1),  (b)  it  was  tho  latost  voar  studiod,  and 

• t ht  plants  woro  in  opor.it  (on.  (except  Ozark  wlioro  ono  unit  in  livo 
i i II  on  lot  i mou  I lis  ) . 


TABLE  8 


Estimates  of  Power  Benefits, 

Arkansas  River 

System, 

(using  unit  benefits,  prevailing  at  various 

times) 

Period  under 

study 

Est.  ave 

• 

year  (1)  1972(2) 

1974(3) 

Dependable  capacity,  1000  kw 

631 

465 

624 

Energy,  1,000,000  kwh 

2,563 

1,487 

3,468 

Annual  benefits  in  $1,000,000 

Benefits  based  on  1945  unit  benefits 

Capacity  0 $13.30/kw/yr 

$ 8.39 

$6.18 

$ 8.30 

Energy  0 1.13  mills/kwh 

2.90 

1.68 

3.92 

Total 

$11.29 

$7.86 

$12.22 

Benefits,  based  on  unit  benefits  used 

in  cost  allocation  studies. 

Capacity  0 $16.00  to  $19.90/kw/yr 

$10.88 

$ 8.19 

$10.77 

Energy  0 1.15  to  2.1  mills/kwh 

4.76 

2.73 

6.35 

Total 

$15.64 

$10.92 

$17.12 

Benefits  based  on  January  1975  unit  benefits  using  a 

coal  fired  alternate 

steam  plant. 

Capacity  0 $92.00/kw/yr 

$58.05 

$42.78 

$ 57.41 

Energy  0 12.5  mills/kw 

32.04 

18.59 

43.35 

Total 

$90.09 

$61.37 

$100. 76 

Benefit,  Jan.  75  unit  benefits  using  a 

turbine  driven 

alternate  generating 

plant,  and  a coal  fired  base  load  plant. 

Capacity  0 $18. 75/kw/yr . 

$11.83 

$ 8.72 

$11.70 

Energy,  657  kwh/kw  025  mills/kwh 

10.35 

7.63 

1025 

Energy,  rest  0 12.5  raills/kwh 

26.86 

14.76 

38.23 

Total 

$49.04 

$31.11 

$60.18 

Benefits,  Jan  75  unit  benefits  using  a 

turbine  driven 

alternative  generating 

plant  and  a nuclear  base  load  plant. 

Capacity  0 $18. 75/kw/yr. 

$11.83 

$ 8.72 

$11.70 

Energy,  657  kwh/kw  0 25  mills/kwh 

10.35 

7.63 

10.25 

Energy,  rest  0 1.6  mills/kwh 

3.44 

1.89 

4.89 

Total 

$25.62 

$18.24 

$26.84 

Gross  revenues  (4) 

$ 6.38 

$ 5.70 

(1)  All  eight  plants  in  operation 

(2)  Six  plants  in  full  operation 

(3)  Seven  plants  in  full  operation  and  one  plant  in  essentially  full  operation 
(A)  Allocated  to  the  eight  projects  studied 
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In  computing  power  benefits,  unit  power  benefits  representing  values  which 
prevailed  during  three  time  periods  were  selected.  These  are  (a)  1946 
unit  benefits  used  in  the  basic  Arkansas  River  project  authorizing  docu- 
ment, (b)  the  values  used  in  the  cost  allocations  where  price  levels  ranged 
from  1956  to  1968,  and  (c)  January  1975  price  levels  for  which  unit  power 
benefits  are  shown  in  table  6 of  this  report.  The  1975  unit  power  benefit 
values  were  taken  as  the  average  of  the  three  1975  values  as  given  on  Table.  6. 
Alternative  plants  for  1975  were  considered  in  several  ways.  First,  the 
alternative  power  plant  was  assumed  to  be  a coal  fired  steam  plant,  and 
benefits  were  computed  accordingly.  Since  such  a plant  should  operate  at 
a power  factor  of  about  55  percent,  benefits  were  also  computed  on  the  basis 
that  the  alternative  plant  was  powered  by  turbines  which  should  operate  at 
a power  factor  of  7.5  percent.  To  care  for  the  low  power  factor,  hydro- 
power  plant  dependable  capacity  was  assumed  to  operate  657  hours  a year 
(7.5  percent  of  the  time)  with  a benefit  of  25.0  mills  per  kilowatt-hour. 

This  is  the  lowest  of  the  turbine  energy  values  given  on  Table  6.  The  rest 
of  the  hydropower  energy  was  assumed  to  replace  either  coal  fired  thermal 
energy  at  12.5  mills  per  kilowatt  hour,  or  nuclear  plant  energy  at  1.6  mills 
per  kilowatt  hour. 

Dependable  capacity  was  considered  to  be  the  amounts  used  in  the  cost 
allocation  studies.  In  Table  8,  the  fact  that  Ozark  and  Webbers  Falls  were 
not  in  operation  in  1972  is  accounted  for  by  using  zero  dependable  capacity 
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for  these proj ects , for  this  year.  Also,  the  1974  dependable  capacity  for 
Ozark  was  discounted  to  account  for  the  fact  that  one  of  the  five  units 
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did  not  operate  for  four  months. 

Table  8 shows  that  1972  power  benefits  were  less  than  benefits  based  on 
estimated  average  year  generation  regardless  of  the  unit  benefits  used. 

This  rises  from  the  fact  that  only  6 of  8 projects  were  on  line,  and  that 
water  was  very  short  that  year.  Benefits  in  1974  were  greater  than  bene- 
fits based  on  average  year  generation  because  of  favorable  flow  conditions. 

As  expected,  the  power  benefit  for  each  of  the  periods  examined  increased  as 
the  date  of  the  unit  power  benefits  progressed  to  the  latest  one,  January 
1975.  Power  benef its  were  revised  occasionally  after  1946  until  1965  when 
Congress  froze  unit  power  benefits  to  the  values  now  used  on  the  "Power 
Project  Data"  sheet.  These  values  are  shown  on  Table  2,  and  are  slightly 
higher  than  the  unit  benefits  used  in  the  cost  allocation  studies  and  in  the 
preparation  of  Table  8.  Benefits  computed  on  the  bases  of  January  1975 
price  levels  and  a coal  fired  alternative  thermal  plant  show  the  highest 
annual  benefit,  about  $90  million  based  on  average  year  generation  at  the 
8 plants  of  this  study.  Considering  the  fact  that  monthly  power  factor  has 
dipped  as  low  as  5 and  7 percent  at  Keystone  and  Eufaula  during  the  5 years 
studied,  it  appeared  that  turbine  driven  power  plants  might  be  considered 
as  logical  alternatives.  Table  8 shows  that  benefits  based  on  turbine-driven 
alternatives  are  less  than  benefits  based  on  a coal-fired  alternative,  but 
more  than  power  benefit  based  on  earlier  unit  power  values.  The  magnitude 
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of  the  benefits  based  on  turbine-driven  alternatives  at  1975  price  levels 

depends  strongly  on  the  value  given  to  the  energy  in  excess  of  657 

kilowatt  hours  per  kilowatt  per  year.  This  is  based  on  a 7.5  percent 

plant  factor  for  turbine  plants.  The  8-plant  benefits  are  about 

$26  million  a year  on  the  average  if  excess  energy  is  given  a value  of 

1.6  mills  per  kwh  as  with  a nuclear  plant  and  an  average  of  about 

$49  million  a year  if  12.5  mills  per  kwh  is  assigned  to  the  excess  energy 

as  with  a coal- fired  thermal  plant.  The  latter  value  seems  the  more 

appropriate  one  since  excess  hydro  energy  can  be  expected  to  displace 

the  most  expensive  energy  in  the  system.  These  benefit  estimates  based 

in  1975  values  are  all  much  larger  than  benefits  based  on  1946  unit  benefits 

which  amounted  to  an  average  of  about  $11  million.  Revenues  for  1972 

and  1974  as  shown  near  the  bottom  of  Table  8 amounted  to  about  $6  million, 

or  about  one-half  of  the  average  benefits  based  on  the  earliest  unit 

power  values. 

It  is  concluded  that  the  power  benefits  accruing  to  the  eight  Arkansas 
River  power  projects  considered  in  this  report  are  considerably  greater 
than  the  revenues  currently  being  credited  to  the  projects. 
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Summary . The  preceding  paragraphs  are  summarized  as  follows: 
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. Prices  have  generally  increased  at  a very  rapid  rate  in  recent 
years . 

. The  cost  of  electric  power  is  also  showing  a rapid  rate  of  increase 
during  recent  years. 

. The  value  of  power,  in  terms  of  most  likely  alternatives  to  hydro- 
power,  in  the  Corps  Southwestern  Division  geographic  area,  has  shown  rapid 
rises  in  the  recent  years. 

. The  current  value  of  electric  power  in  the  region  is  greater  than  the 
value  credited  to  the  Corps  power  projects  considered  in  this  report  in  their 
original  economic  justifications,  and  the  values  used  in  current  reports. 

. Recent  generation,  i.e.,  1973  and  1974,  has  been  at  higher  rates 
than  originally  estimated,  and  power  benefits  have  exceeded  the  previously 
estimated  average  annual  benefits. 

. Annual  power  revenues  seem  to  be  trending  downward  slowly,  contrary 
to  all  other  price  trends. 

. Power  revenues  credited  to  individual  projects  display  a number  of 
irrationalities,  e.g.,  power  revenues  decreased  as  output  increased. 
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could  provide  power  that  had  a ready  market  and  at  a cost  less  than  the 
least  expensive  alternatives.  Section  5 of  the  Flood  Control  Act  of  1944 
added  two  more  requirements;  that  is,  the  electric  power  must  be  sold 
essentially  at  cost,  but  funds  expended  in  producing  power  must  be  recovered 
within  a reasonable  period.  Since  the  passage  of  the  1944  Act,  the  economic 
climate  of  the  United  States  has  changed  drastically.  Dominant  issues  of 
today  include  the  energy  crisis,  inflation,  increasing  national  debt,  and 
increasing  taxes.  The  effects  of  the  hydroelectric  power  generated  at  the 
Corps  plants  under  study  are  discussed  below  in  the  light  of  the  foregoing. 

Savings  in  Fossil  Fuels.  The  hydroelectric  power  projects  under  study 
are  located  in  an  area  in  which  gas  and  oil  are  often  used  to  generate 
power.  Coal  and  lignite  are  available,  but  these  resources  only  recently 
are  being  used  to  generate  electricity.  It  is  felt  that  the  energy  gen- 
erated at  these  power  projects  displaced  energy  which  would  otherwise  have 
been  generated  using  coal,  gas,  or  oil  resources.  On  this  basis.  Table  9 
was  developed  to  show  how  much  of  a nonrenewable  resource  each  project  saved 
through  FY  1974;  and  on  the  average,  how  much  fuel  each  project  would 
save  annually.  Through  FY  1974,  these  eight  Corps  projects  saved  almost 
eight  million  tons  of  coal,  nearly  30  million  barrels  of  oil,  or  180  billion 
cubic  feet  of  gas.  The  average  annual  saving  amounts  to  more  than  a million 
tons  of  coal,  more  than  four  million  barrels  of  oil,  or  about  26  billion 
cubic  feet  of  gas. 
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TABLE  9 


Project 

Dardanelle 

Coal.,  Million  Tons 
Oil,  Million  Barrels 
Gas,  Billion  Cu.  Ft. 

Ozark 

Coal,  Million  Tons 
Oil,  Million  Barrels 
Cas,  Trillion  Cu.  Ft. 

Robert  S.  Kerr 

Coal,  Million  Tons 
Oil,  Million  Barrels 
Gas,  Trillion  Cu.  Ft. 

Webbers  Falls 

Coal,  Million  Tons 
Oil,  Million  Barrels 
Gas,  Trillion  Cu.  Ft. 

Eu fa u la 

Coal,  Million  Tons 
Oil,  Million  Barrels 
Gas,  Trillion  Cu.  Ft. 

Keystone 

Coal,  Million  Tons 
Oil,  Million  Barrels 
Gas,  Trillion  Cu.  Ft. 

Tenkiller  Ferry 

Coal,  Million  Tons 
Oil,  Million  Barrels 
Gas,  Trillion  Cu.  Ft. 

Fort  Gib.'jon 

Coal,  Million  Tons 
Oil,  Million  Barrels 
Cas,  Trillion  Cu.  Ft. 
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SAVINGS  IN  FOSSTI,  FUELS 


Genera t ion 

Thru  FY  74  Fuel 

10°  KWH Equivalent 

5,284 

2.41 

9.71 

55.20 

156 

.07 

.27 

1.60 

1,870 

.85 

3.26 

19.50 

273 

.12 

.48 

2.80 

2,031 

.95 

3.62 

21.70 

1,548 

.70 

2.70 

16.20 

2,026 

.92 

3.53 

21.20 

3,899 

1.78 

6.79 

40.70 


Ave . Annual 
Generation  Fuel 

H/1  KK'il Equivalent 

613 

.28 

1.07 

6.40 

429 

.20 

;75 

4.50 

459 

.21 

.80 

4.80 

213 

.10 

.37 

2.20 

260.3 

.12 

:45 

2.70 

228 

.10 

.40 

2.40 

114.5 

.05 

.20 

1.20 

190 

.09 

.33 

2.00 
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Economic.  The  economic  circumstances  which  led  to  the  inclusion  of 


section  5 in  the  Flood  Control  Act  of  1944,  i.e.,  sell  hydropower  from 
public  projects  at  the  lowest  possible  rate  to  encourage  the  widespread 
use  of  electricity,  have  changed  to  the  extent  that  conservation  of  energy 
is  now  the  official  policy  of  the  government. 

The  difference  between  the  current  economic  value  of  hydropower  and  the 

price  a consumer  pays  for  it  may  be  considered  the  benefit  that  is  accruing 
to  the  public.  The  amount  of  these  current  benefits  is  unknown  since  the 
current  economic  value  of  hydropower  is  not  known.  In  fact,  a substantial 
amount  of  research  may  be  necessary  to  establish  a rational  method  for 
determining  the  current  economic  value.  The  beneficial  effects  presumably 
extend  to  all  customers  of  SPA  who  are  spread  over  the  entire  SPA  service 
area.  The  consumers  vary  from  single  family  units,  to  major  companies, 
and  to  the  electric  utilities  themselves. 

In  including  section  5 in  the  Flood  Control  Act  of  1944,  Congress  obviously 
intended  the  use  of  hydropower  produced  at  government  projects  to  foster 
regional  and  national  economic  development.  This  policy  on  the  generation 
and  sale  of  hydropower  was  limited  by  the  requirement  that  all  costs  of 
generating  and  distributing  the  power  be  recovered  in  a reasonable  period 
of  time.  Although  SPA  insists  that  the  cost  of  the  first  power  project 
will  be  recovered  in  50  years,  the  progress  to  this  time  has  been  very 
poor. 
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It  has  been  suggested  that  the  Corps  of  Engineers  might  contribute  to 
the  relief  of  the  energy  crisis  by  adding  hydropower  facilities  to  certain 
of  their  proejcts.  Some  arguments  made  to  counter  this  suggestion  include: 

(a)  such  new  power  must  be  turned  over  to  SPA  (Section  5,  Flood  Control 
Act  of  1944) , and  they  in  turn  must  sell  it  at  the  lowest  possible  rate 
(same  section,  same  act),  (b)  encouraging  the  use  of  electric  power  by 
selling  it  below  cost  may  be  against  current  national  policy.  Thus  selling 
electric  power  below  cost  would  only  serve  to  continue  our  use  of  limited 
natural  resources  in  an  inefficient  manner. 

Social.  To  this  point  of  this  report,  we  have  examined  the  revenues  real- 
ized by  the  US  Government  from  the  sales  of  hydroelectric  power  from  certain 
Corps  hydropower  plants  and  the  current  unit  values  of  electric  power  and 
energy.  The  unit  revenues  received  for  the  power  and  energy  have  been  quite 
small  when  compared  to  their  current  values.  This  amounts  to  a burden  on 
the  government,  which  is  balanced  by  a benefit  received  by  the  users  of  the 
low  cost  power  and  energy.  Just  how  much  benefit  the  ultimate  users  realize 
depends  on  how  much  of  the  low  cost  is  passed  on  to  them.  This  benefit  is 
social  as  well  as  economic  under  our  current  economic  and  social  system  of 
values.  The  full  effects  of  providing  low  cost  electrical  power  and  energy 
for  use  by  industrial,  commercial  and  residential  customers,  in  both  rural 
and  urban  areas,  may  never  be  known.  Howevever,  when  lower  costs  of  pro- 
ducing goods  and  services  provided  to  the  general  public  allow  these  savings 
to  be  passed  along  to  general  consumer,  then  this  benefit  accrues  to  the 
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general  public.  When  costs  of  producing  goods  and  services  provided  to 
the  general  public  allow  these  savings  to  be  kept  by  the  power  companies, 
by  industries,  by  commercial  and  retail  establishments,  then  this  benefit 
accrues  to  this  less  widespread  segment.  To  the  extent  that  these  savings 
from  the  use  of  low  cost  electrical  energy  result  in  increased  employment 
within  the  power  marketing  region,  the  region  and  the  nation  benefits, 
additionally . 


Environmental . The  hydropower  generated  at  all  hydroelectric  power  projects, 
including  those  studied  in  this  report  have  the  obvious  environmental  benefit 
in  that  the  atmospheric  pollution  of  the  alternative  thermo-electric  power 
plants  is  avoided.  Also  avoided  to  a small  extent  is  the  disturbance  of 
land  areas  accompanying  the  extraction  of  fossil  fuels  from  the  earth,  and 
the  storage  of  ash  as  from  coal  burning  plants.  Also  avoided  is  the  accumula- 
tion of  radioactive  wastes  that  would  occur  with  a nuclear  alternative  plant, 
and,  in  some  cases,  thermal  pollution.  Provision  of  a hydroelectric  plant 
changes  the  environment  of  the  stream  on  which  it  is  located.  The  dam, 
which  is  provided  with  each  hydroelectric  plant  and  which  serves  other  pur- 
poses in  addition  to  generation  of  hydropower,  changes  the  stream  above 
the  dam  into  a lake.  Downstream  from  the  dam  the  original  channel  may  be 
superficially  unchanged,  except  that  extreme  low  flows  may  be  increased, 
and  the  large  flows  tend  to  be  diminished.  The  operation  of  hydropower 
plants  on  peak  loads  further  modifies  the  pattern  of  natural  flow.  In  this 
type  of  operation,  the  hydropower  plants  release  water  at  a high  rate  for 


i 
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a short  period,  and  during  the  remainder  of  the  day,  they  release  no  water. 
The  result  is  a surge  of  water  immediately  below  the  dam  which  diminishe  ' 
as  the  surge  progresses  downstream.  In  addition,  the  releases  from  the 
powerhouses  tend  to  be  colder  than  the  natural  flows  at  the  site.  The 
environmental  changes  have  value  in  the  sense  that  they  provide  for  added 
recreation,  hunting,  fishing,  and  areas  which  can  be  used  as  wildlife  re- 
fuges . 

The  changed  stream  and  lake  environment  has  permitted  the  introduction  of 
new  species  to  the  region  such  as  striped  bass,  walleyes,  and  rainbow  trout 
to  further  enhance  the  stream  and  lake  for  fishing  and  recreation.  The 
entire  multiple-purpose  project,  of  which  power  production  is  one  purpose, 
has  a number  of  areas  devoted  to  recreation,  hunting,  fishing,  and  wildlife 
refuge  purposes. 

SUMMARY  AND  CONCLUSIONS 

This  report  may  be  summarized  as  follows: 

. The  Southwestern  Power  Administration  (SPA) , organized  in  response 
to  the  Flood  Control  Act  of  1944,  markets  the  power  from  eight  projects 
examined  in  this  report  and  from  other  Corps  projects. 

. SPA's  primary  contracts  are  for  the  sale  of  more  than  is  produced 
at  the  Corps  projects. 

. SPA  buys  additional  thermal  power  to  supplement  the  output  of  the 
hydroelectric  projects  when  needed. 

. The  combined  output  is  an  increased  amount  of  firm  power  which  is 
sold  to  preference  customers. 
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. In  addition  SPA  contracts  provide  for  the  sale  of  peaking  power, 
excess  energy,  emergency  service,  and  interruptible  capacity. 

. SPA's  operations  have  been  reviewed  on  numerous  occasions  because 
of  recurring  deficits. 

. GAO  identified  the  main  reasons  for  SPA's  deficit  as  (a)  excessive 
and  inequitable  credits  to  customers,  (b)  sale  of  power  to  support  a defense 
industry,  and  (c)  SPA's  purchase  of  off-season  power  which  it  was  unable  to 
market . 

SPA  has  attempted  to  institute  rate  adjustments  to  recoup  losses. 

. Rate  adjustments  have  not  been  entirely  successful  because  law  suits 
have  delayed  their  adoption. 

. The  rate  adjustments  that  have  been  adopted  and  the  increased  water 
available  during  recent  years  have  improved  the  financial  status  of  SPA. 

. Further  rate  adjustments  would  further  improve  their  financial  status, 
and  might  convince  critics  that  such  adjustments  will  enable  them  to  fulfill 
the  requirements  of  the  law  to  "recover  costs  within  a reasonable  period." 

. SPA,  being  created  in  response  to  section  5 of  the  Flood  Control 
Act  of  1944,  must  follow  the  requirements  of  the  law,  i.e.,  to  sell  the 
power  at  a low  rate  to  encourage  its  widespread  use. 

. The  ultimate  remedy  could  be  the  revision  of  the  requirements  of 
the  law. 

. It  is  not  readily  apparent  how  the  legal  requirements  might  be  changed. 

. During  recent  years,  inflation  has  caused  the  price  of  all  goods 
and  services,  including  electricity,  to  increase  substantially. 
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Further  studies  will  be  needed  to  develop  the  rationale  for 
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establishing  new  unit  power  benefits  which  reflect  current  cost  trends  and 
other  factors. 

. Presently,  it  appears  that  hydropower  might  be  evaluated  as  low  load 
factor  peaking  power  to  match  the  manner  in  which  the  units  are  operated. 

. Energy  in  excess  of  the  low  load  factor  peaking  power  might  be 
evaluated  in  terms  of  the  cost  of  the  fossil  fuel  consumption  it  displaces 
at  conventional  thermal  plants. 

. Using  current  unit  power  values  would  increase  the  values 
now  presented  as  "power  benefits"  on  the  "Power  Projects  Data"  sheets. 

. The  years  of  low  energy  generation  during  the  early  1970's  was  the 
result  of  low  stream  flows  in  the  region. 

. Increased  stream  flow  was  experienced  during  1973,  1974  and  1975, 
and  energy  generation  increased  to  levels  higher  than  the  originally  esti- 
mated average  annual  energy  generation. 

. Most  of  the  eight  hydroplants  examined  do  not  have  records  long  enough 
to  determine  with  certainty  whether  the  original  estimates  of  average  annual 
energy  generation  were  reasonably  accurate. 

. The  records  of  the  Fort  Gibson  and  Tenkiller  Ferry  projects  are  the 
longest  of  the  group.  Examination  of  their  records  indicates  that  the 
original  estimates  of  average  energy  generation  were  quite  good. 

. A limited  period  was  used  to  examine  the  dependable  capacities  of 
the  eight  projects  of  this  report.  This  examination  indicated  the  possi- 
bility of  inconsistencies  among  the  values  now  used  for  project  dependable 
capacity. 
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. The  study  reported  herein  is  too  limited  in  scope  to  evaluate 
completely  the  performance  of  the  Corps  hydropower  projects,  and  how 
performance  compares  with  preconstruction  estimates. 

. Expanded  studies  could  indicate  that  the  values  now  used  for 
project  dependable  capacity  and  average  annual  energy  require  revision. 

. Expanded  studies,  if  undertaken,  should  consider  all  Corps 
projects  in  the  SPA  system  and  the  purchased  power  used  to  firm  up  the 
hydroproject  output,  that  is,  the  composition  of  the  system  should  be 
the  same  as  used  in  the  AWR  study  of  operating  guide  curves  for  power 
production,  expanded  to  include  subsequent  power  project  additions  to 
the  system. 

. The  value  of  electrical  power  from  projects  considered  as 
measured  by  the  current  cost  of  producing  an  equivalent  amount  of  power 
has  also  increased  substantially. 
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SUPPLEMENT 

to 

HYDROELECTRIC  POWER  GENERATION 
at 

McClellan-Kerr  Arkansas  River  Navigation  System 


INTRODUCTION 

This  report  supplements  information  presented  in  the  report  dated  1976, 
and  entitled,  "Hydroelectric  Power  Generation  at  the  McClel lan-Kerr 
Arkansas  River  Navigation  System,"  prepared  by  the  Corps  of  Engineers, 
Southwestern  Division  (SWD) . This  supplement  presents  the  results  of  the 
method  now  used  by  SWD  to  keep  running  accounts  for  each  power  project 
to  check  its  financial  progress  toward  meeting  the  requirement  of 
Section  5 of  the  Flood  Control  Act  of  1944  that  costs  allocated  to  power 
be  recovered  in  a reasonable  period  of  time.  This  supplement  also  con- 
siders other  potential  methods  for  keeping  the  running  power  project 
accounts . 

SPA  FURNISHED  INFORMATION 

The  Southwestern  Power  Administration  (SPA)  collects  revenues  from  the 
sale  of  power  from  Corps  hydropower  projects,  pays  its  obligations  from 
these  revenues  and  each  year  deposits  the  remainder  in  the  Treasury  of 
the  United  States  as  required  by  Section  5 of  the  Flood  Control  Act  of 
1944,  SPA  informs  SWD  of  the  amount  deposited. 

SWD  RUNNING  ACCOUNTS 

In  SWD  each  power-project  account  is  kept  in  terms  of  "investment,"  that 
is,  the  first  cost  allocated  to  power  plus  interest  during  construction  all 
cated  by  power.  As  capital  additions  are  made  to  eacli  power  project,  the! 


cost  Is  added  to  the  Investment  account. 


The  original  "investment"  allocated  to  power  is  understood  to  have  been  computed 
by  applying  the  percentage  of  the  investment  allocated  to  power  derived  in  the 
original  cost-allocation  study  to  the  more  accurately  determined  total  project 
investment  computed  to  the  date  the  project  started  operating.  It  is  not  known 
precisely  how  this  was  done,  since  minor  differences  become  apparent  in  attempts 
to  correlate  information. 

Accounts  are  kept  on  each  power  project  to  show  the  amounts  spent  on  operation 
and  maintenance.  To  this  is  added  "Depreciation  and  amoritization  charged  to 
operation,"  and  "Interest  charged  to  operation"  to  determine  the  costs  charge- 
able to  power  incurred  during  the  year  under  consideration.  This  is  modified 
as  appropriate  by  "Other  net  gains  or  losses  charged  to  power." 

It  was  explained  above  that  every  year,  SPA  informs  the  Corps  how  much  revenue 
they  return  to  the  Treasury  Department  from  power  generated  at  Corps  projects. 
This  sum  represents  the  revenues  realized  from  the  sale  of  power  and  is 
applicable,  as  a gross  sum,  to  all  the  Corps  projects  in  the  SPA  system. 

From  this  sum  ($22,467,611  for  FY  1974)  the  Corps  deducted  the  total  OSM 
expense  for  all  power  project  ($6,115,136  for  FY  1974).  The  remainder 
($16,352,475  in  FY  1974)  was  apportioned  to  each  power  project  in  the  ratio 
that  the  power  investment  in  the  project  bears  to  the  total  power  investment 
in  Corps  projects.  For  example,  Dardanelle's  power  investment  of  $45,414,499 
was  8.94  percent  of  the  $508,027,246  (1974  investment)  in  SPA  Corps  power  plants, 
so  8.94  percent  of  the  remaining  $16,352,475  or  $1,461,911  was  allotted  to 
Dardanelle  in  addition  to  the  $582,637  06M  expense  for  a total  of  $2,044,548. 
From  this  total  is  deducted  $189,904  for  depreciation  and  amortization, 

$975,767  for  interest  charged  to  operation,  and  $576,748  (value  adjusted  from 
$582,637)  for  operation  and  maintenance.  To  the  result  is  added  $931  for  "other 
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i 


' 


net  gain  or  losses," 


leaving  $303,060  as  the  "results  from  operation"  for 


FY  1974.  From  FY  1965  through  FY  1973,  the  accumulated  "results  of 
operations"  for  Dardanelle  amounted  to  $1,879,132.  Addition  of  the 
previously  mentioned  sum,  makes  the  accumulated  results  from  operations 
through  FY  1974  $2,182,192.  Only  when  the  accumulated  value  reaches  the 
investment  amount  carried  in  the  books  will  the  project  be  paid  out.  At 
the  end  of  FY  1974,  the  investment  in  Dardanelle  amounted  to  $45,557,814, 
leaving  $43,375,622  yet  to  be  recovered. 

The  year  by  year  progress  of  the  accumulated  "results  of  operations"  for 
the  Corps  projects  is  shown  in  Table  1.  The  table  shows  abrupt  changes 
from  1966  to  1967.  This  results  from  an  adjustment  to  account  for  a 
change  in  the  way  depreciation  was  computed.  It  is  interesting  to  note 
that  after  decades  of  operation,  Tenkiller  Ferry  and  Fort  Gibson  are  still 
deeply  in  debt.  At  the  end  of  FY  1974,  the  accumulated  result  of 
operations  for  the  navigation  project  power  installations  amounted  to  a 
minus  $6.2  million.  The  corresponding  investment,  at  that  time,  amounted 
to  $254.4  million.  Only  when  the  accumulated  results  from  operations 
equal  the  total  project  investment  in  power  will  the  projects  meet  the 
requirement  of  Section  5 of  the  Flood  Control  Act  of  1944  that  power 
investments  be  recovered. 
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TED  RESULTS  OF  OPERATIONS 


vestment  at 

End  of  FT74  45.6  48.7  42.2  28.0  34.3  26.8  12.0  16.8  $254.4 


r- 


In  connection  with  the  information  annually  supplied  on  the  gross  revenues  from 
the  sale  of  power,  it  is  understood  that  SPA  would  like  to  perform  the  allocation 
to  individual  projects,  a function  now  performed  by  the  Corps  as  described  above. 
It  is  understood  that  if  SPA  were  allowed  to  perform  this  function,  it  would  write 
off  the  newer  projects  first,  that  is,  the  ones  with  the  higher  interest  rates. 
This  would  minimize  the  amounts  to  be  paid  for  interest,  and  increase  the  amount 
available  for  other  projects.  The  Corps  opposes  this  method  on  the  basis  that  the 
projects  should  be  paid  off  individually  in  an  orderly  manner,  i.e.,  in  the 
chronological  order  that  the  projects  were  placed  in  service.  SPA,  on  the  other 
hand,  indicates  that  the  only  requirement  is  that  all  costs  allocated  to  power 
be  recovered  within  50  years  after  the  last  project  is  added  to  the  system. 
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OTHER  ACCOUNTING  PROCEDURES 

The  poor  financial  status  of  the  20  plus  year  old  Tenkiller  Ferry  and  Fort  Gibson 
projects  as  indicated  in  Table  1 led  to  examining  the  method  now  used  at  SWD  to 
apportion  revenues  among  the  hydropower  projects  in  the  SPA  system.  Two  operations 
define  this  present  method.  First,  the  total  cost  of  operating  and  maintaining 
all  hydropower  plants  in  the  SPA  system  is  deducted  from  the  revenues  reported 
by  SPA.  Second,  the  remaining  revenues  are  apportioned  to  each  project  in  pro- 
portion to  the  project  cost  allocated  to  power.  The  sum  of  the  project  O&M  cost 
and  the  apportioned  amount  is  the  amount  credited  to  each  project  each  year. 

Neither  the  history  nor  motives  behind  the  adoption  of  these  operations  are  known; 
however,  exceptions  can  be  taken  on  the  basis  of  logic  and  the  need  to  appraise 
project  performance  as  realistically  and  accurately  as  possible.  For  example, 
the  process  of  crediting  each  project  with  an  amount  equal  to  its  operation  and 
maintenance  cost  plus  a portion  of  the  total  revenue  less  total  operation  and 
maintenance  cost  appears  suspect.  This  procedure  tends  to  spread  extraordinary 
expenses  to  all  projects  in  the  system,  a factor  which  may  have  some  merit. 

However,  the  procedure  also  tends  to  hide  extraordinary  expenses  at  a project  and 
to  improve  the  apparent  financial  performance  of  a poorly  performing  project.  In 
the  same  way,  a good  project  appears  worse  than  it  really  is.  Also,  apportioning 
revenues  in  proportion  to  "cost  allocated  to  power"  favors  projects  with  relatively 
high  cost  power  installations  with  no  regard  to  the  amount  of  the  economic  goods 
that  are  produced.  This  procedure  tends  to  improve  the  appearance  of  poor  projects 
and  to  degrade  the  appearance  of  good  projects. 
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In  view  of  the  foregoing,  modified  accounting  systems  were  applied  to  the  Bull 
Shoals  and  Fort  Gibson  projects.  The  former  was  selected  because  the  allocated 
cost  of  the  power  facilities  ($60.0  million)  was  greater  than  at  any  other  hydro- 
power  project  in  the  SPA  system,  and  because  its  1975  financial  standing  (at 
minus  $11.9  million)  was  the  worst  of  all  the  SPA  system  projects.  Fort  Gibson 
was  selected  because  of  its  poor  standing  (minus  $5.5  million)  and  its  relatively 
long  service.  The  basic  data  for  the  modified  accounting  systems  were  derived 
from  the  SWD  running  accounts  for  each  hydropower  project.  The  projects  con- 
sidered are  listed  below: 

Beaver  Dam 
Blakely  Mountain  Dam 
Broken  Bow  Dam 
Bull  Shoals  Dam 
*Dardanelle  Dam 
DeGray  Dam 
Denison  Dam 
*Eufaula  Dam 
♦Fort  Gibson  Dam 
Greers  Ferry  Dam 
♦Keystone  Dam 
Narrows  Dam 
♦Ozark  Dam 
♦Robert  S.  Kerr  Dam 
Sam  Rayburn  Dam 
Stockton  Dam 
Table  Rock  Dam 
♦Tenkiller  Ferry  Dam 
♦Webbers  Falls  Dam 
Whitney  Dam 

♦In  the  Arkansas  River  Navigation  project. 
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For  each  project  and  each  year  of  operation,  values  were  determined  for  (a) 
apportioned  power  revenues,  (b)  operation  and  maintenance  cost,  (c)  results 
of  operations  at  the  year  end,  and  (d)  total  costs  during  year.  Total  revenues 
for  each  year  were  determined  by  adding  the  revenues  apportioned  to  projects 
in  operation  during  the  year. 

Columns  2 of  Tables  2 (Bull  Shoals)  and  3 (Fort  Gibson)  are  reproduced  from  the 
SWD  running  accounts.  Columns  3 represent  and  attempt  to  reproduce  the  SWD 
accounting  from  the  derived  data.  The  differences  that  are  apparent  indicate 
the  SWD  process  has  not  been  reproduced  faithfully.  The  differences  are  considereci 
small  enough  so  that  trends  are  not  obscured. 

Columns  4 in  Tables  2 and  3 represent  a trial  accounting  system  in  which  SPA- 
reported  revenues  were  apportioned  to  each  project  in  proportion  to  the  cost 
allocated  to  power  in  the  project.  The  step  in  the  presently  used  system  of  first 
deducting  total  O&M  costs  from  gross  revenues  prior  to  apportioning  was 
eliminated  on  the  basis  that  the  result  would  depict  the  financial  performance 
of  each  project  more  accurately.  Table  2 shows  that  this  approach  improves  the 
1975  status  of  Bull  Shoals  from  minus  $11.9  million  now  in  SWD  accounts  to 
minus  $5.7  million.  Table  3 shows  that  the  status  of  Fort  Gibson  was  impaired, 
the  corresponding  values  being  minus  $5.5  million  and  minus  $7.2  million.  These 
changes  are  felt  to  reflect  the  relative  financial  efficiencies  of  the  two 
hydropower  plants. 
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Financial  Standing  At  Tear'a  End  Ealng 
Various  Methods  For  Allocating  Revenues 
To  Corps  Projects  In  SPA  System 
FORT  CIBSOH  PROJECT  1951-75 
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A second  test  allocation  is  shown  in  the  last  columns  of  Tables  2 and  3. 

In  this  allocation,  the  SPA -reported  revenues  were  apportioned  to  each 
project  in  proportion  to  project  power  benefits  computed  on  the  basis  of 
arbitrarily  selected  unit  power  benefits.  These  are  the  1945  values  used 
in  the  Arkansas  River  report  of  $13.30  per  year  per  kilowatt  of  dependable 
capacity,  and  1.13  mills  per  kilowatt  hour  of  average  annual  energy.  This 
aspect  of  the  method  requires  additional  careful  consideration  if  this  line 
of  thought  is  pursued  further.  Table  2 shows  that  the  status  of  Bull  Shoals 
is  further  improved  to  $5.0  million  while  Table  3 shows  that  the  status  of 
Fort  Gibson  has  declined  further  to  minus  $8.3  million.  Table  4 lists  for 
the  hydropower  projects  in  the  SPA  system  the  following:  (a)  cost  allocated 
to  power,  (b)  1975  financial  status  from  SWD  records  where  it  is  identified 
as  accumulated  results  from  operation,  and  (c)  1975  financial  status  according 
to  the  second  trial  accounting.  The  fact  that  the  totals  of  the  last  two 
columns  differ  indicate  difficulties  in  the  arithmetic.  The  trends  in  the 
table  are,  however,  felt  to  be  valid,  and  that  the  results  of  the  second  trial 
accounting  appear  to  represent  prevailing  conditions  more  accurately  than  do  the 
values  taken  from  SWD  records.  The  presently  used  accounting  procedure  tends 
to  show  poor  projects  in  a more  favorable  light  and  good  projects  in  a light 
less  favorable  than  actually  exists. 
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FINANCIAL  STATUS  AT  END  OF  F Y 1975 
OF  HYDRO  POWER  PROJECTS  IN  SPA  SYSTEM 
SWD  RECORDS  COMPARED  WITH  STUDY  RESULTS 
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POWER  PROJECT  DATA 


The  Corps  prepares  "Power  Project  Data  Sheets"  once  a year  in  accordance 
with  regulations.  Those  for  Dardanelle  Lock  and  Dam  are  furnished  as  a sample. 
Sheet  4 of  the  data  sheets  includes  a sumnary  of  "Power  Production,  Revenues, 
and  O&M  Costs."  The  last  two  columns  indicate  that  accumulated  gross  revenues 
were  $17,524,529  and  the  accumulated  amount  for  interest  and  amortization  was 
$12,777,099  at  the  end  of  FY  1974.  Although  no  inconsistency  exists,  to  the 
uninformed  person,  this  presents  a much  more  favorable  picture  than  that 
depicted  in  Table  1 in  which  the  accumulated  results  from  operations  at  the 
end  of  FY  1974  amount  to  $2.2  million  ($2,182,192)  as  compared  to  an  invest- 
ment in  power  of  $45,557,814.  These  data  sheets  are  furnished  to  the  SPA, 
to  the  FPC  Regional  Office  in  Fort  Worth,  and  to  the  Office,  Chief  of 
Engineers,  Washington  D.C. 

FPC  FORM  NO.  1 

General  Guidance  is  provided  in  ER -37-2-11,  16  May  1971,  for  the  preparation 
of  the  Annual  Report  to  the  Federal  Power  Commission,  FPC  Form  No.  1 
(RCS  FPC  1002).  The  report  originates  in  the  districts,  goes  through  the 
divisions  to  reach  the  Office,  Chief  of  Engineers,  by  1 September  after  the 
end  of  the  fiscal  year.  A copy  is  furnished  the  marketing  agency  (SPA  in 
this  case)  at  the  same  time.  The  accounting  is  consistent  with  the  SWD  run- 
ning accounts,  but  is  much  more  detailed.  The  very  poor  financial  standing 
of  the  Corps  power  projects  is  apparent  in  these  reports,  but  it  is  apparent 
only  after  much  detailed  examination  by  knowledgeable  people.  Furthermore, 
these  reports  are  not  widely  distributed. 
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Power  Project  Data  Sheet  Date:  26  November  1974 

DARDANELLE  LOCK  AND  DAM  District:  Little  Rock. 


Power  Project  Data  Sheet  Date:  26  November  1974 


Power  Project  Data  Sheet  Date:  26  November  1974 

DARDANELLE  LOCK  AND  DAM  District:  Little  Rock,  Ark 

(continued)  Sheet  No.  4 of  5 


§ * 
•H  <U 

u ? 
(0  O 
00  o* 

«H 

> T3 

(0  c 

SB  <0 


V) 

OS 

< 

UJ 

>« 

o w. 

VI  (0 

*H  rH 
U*  rH 

O 

>•  Q 
CO 


^ O' 

nO  VO 

Ov  I ON  I 


»- 

H 

47 

c 

Q. 

3 

c 

o 

Q. 

0 

*A 

VN 

iA 

o 

•H 

3 

CX  v£> 

>o 

sO 

0) 

u 

4 J 

(0 

O' 

O' 

O' 

4-t 

CO 

u 

rH 

rH 

rH 

CO 

*D 

00 

V- 

o 

Q 

O 

■H 

47 

*4- 

>4 

c 

AJ 

O 

> 

4-i 

3 

o 

41 

CO 

CO 

</) 

£ 

—) 

o 

U 

•4-* 

c 

3 

47 

•H 

1 

1 

1 

> 

Wt 

u 

»- 

CO 

U 

o 

o 

o 

X. 

• 

• 

• 

47 

*4-4 

U-t 

N4-4 

3 

3 

3 

Vi 

47 

r* 

-X 

1 

47 

47 

47 

O 

c 

rH 

rH 

rH 

tH 

O 

O 

O 

>-H 

4) 

X» 

-O 

J3 

> 

o 

O 

o 

u 

CO 

CO 

(0 

V- 

o 

O 

o 

3 

r- 1 

rH 

H 

4) 

• 

• 

r 

W 

**H 

■H 

-H 

(7) 

H 

rH 

rH 

O 

CO 

CO 

CO 

1 

fA 

m 

cn 

H 

> 

> 

> 

C 

u 

< 

< 

< 

>H 

° s 

o o 

00  O 
* • 

O'  -O’ 

00  A 

vr  cm 
00 


§° 

o 

vD 

nO 


O O O 0,0 


o o 

o 

o 

© 

O 

ca 


o o o o o o 


•h  m 
47  cr> 
§- 

o 

n m 
o 

o **-* 

u 

47 

■d  u 
« c 
*-»  <0 
w 3 
o o 


T3  VO  fs  00  O'  o H 

® n n n rs  oo  co 
H O'  W O'  O'  On 

D H H 1— « »— ♦ H H 

-o 


3 

B 


.3.3J!££:££££ 


< < 


C 

o 

o o oooooo 

o o 

o o o 

o o 

00  o o 

00  CM 

CO 

47 

ON  ^ nO 

O'  vO 

H 

00  lA  vO 

O rH 

U 

rH  CM  rH 

NO  rH 

07 

•> 

• • 

OS 

CM 

CM  ^ 

u 47 
u 

•g-3 

4)  *H 

W«  44  C r4 

^ ° < 
H 3 ■H  H 
Cd  w O 
C 0>  <«  H 
O 4*  H 
H 41  H 
U H 9J 
•H  Q. 

•o  fl  0) 
•DOC 

< O *H 


(0 

4-*  P 

« T3  Rj 
4J  C H 
W «8  h 
47  O 

u Q 
C C ^ 

~ I a 

U 4J  O 

O W •H 

**-•  0)  4J 

> CO 
4-1  C fJ 
C HM  -H 

3 O 

o C w 
e o o 

< i 


c 

o 


CO  • 
14  ^ 
Q> 

c » 
5 3 


4) 

2 


MD  O'  OO  NO  Oo 

*-«  N H <7  0 

on  r>*  oo  fT''  co 

• M » M • ». 

sO  O f''  0"3  rs 
ON  \D  iTi  ,£) 

t — m »-t  in  ^ >ar 


"J  rH  tN  H H h 


O 

rH 

CO 

MT 

CA  00 

O' 

/ — s 

o 

NO 

-<r 

rH 

vO  <T 

CM 

cn 

(0 

O' 

NA 

sO  NA 

lA 

cn 

4) 

u 

r 

» 

•> 

r 

* 

CO 

3 

cO 

NO 

00 

O' 

O' 

A HJ- 

O 

C 

rH 

CM 

00 

sO  <r 

CM 

47 

rH 

NO 

O' 

O'  o 

lA 

O 

> 

o 

r 

■> 

4> 

r at, 

• 

47 

Q 

NO 

CM 

rH  CM 

QC 

rH 

w 

47 

C7) 

MT  CM  lA  00  CA  30 

O 

c w 

00  CO  O'  O'  (N  M 

CA 

47  M 

O'  VO  lA  O CA 

a-3 

O'  N H O HkO 

W rH 

(N  n?  H H N 

>3- 

O 

00  lA  nO  nO  A CA 

£ Q 

n-3  w 

O 

rH 

O O o o o o 

o o o o o o 

f"*  O'  CN  IN  CO  00 


CO 

o 

ON 


o'  in  'O  o' 

n O'  nn 

cm  r-*  O 


C4  v}  H H CO  ^ 

rH  fs  N H 'O'J 

O ye  m in  kO® 


ON 

sO 

l 

a o 


< 
H 

CN  CO  O 

nu  r>  r>  N c»  N H 

O'  ON  O'  ON  ON  O' 


££££££ 


17 


c 

l 

c 

a* 

<t  •» 

CO  -P 

x: 

4 

C P 

p 

Cm  CO 

• 

5 & 

o <d 

c 

O 0/ 

C P 

•H  C 

•H  U3 

p 

o 

(X 

C <L 

or, 

P *P 

p 

p 

*.H  > 

K 

•H  > 

a> 

4; 

P *H 

0)  d; 

*C  co 

>> 

cd  P 

o3  or. 

•O  r~  < l/N 

c c 

*c 

•M 

P 

b: 

S P # 

c 

c 

4> 

•M  CO 

41  -P  Cm 

o u 

c 

c 

•*  c 

> cd 

> *P  C 

o 

o 

>j  cd 

cd  to 

O hJ 

T3  Cm 

•H 

(L 

— < T3 

c c 

Z U“. 

cd 

p 

3 

C P 

a) 

<L  CO 

o 

c . 

P 

vO  • • • 

x:  di 

3 

o 

p\ 

o P 

P C 

CO 

T? 

O 

to 

Cm  < 

o z 

*C  rc 

U 

CJ 

<d  a> 

•H 

a/  o 

cr. 

to  jC 

P O 

^ p 

o — 

TJ 

G P 

•h  x: 

0J  P OJ 

3 

p« 

O p 

P CO  4> 

T3  >h 

• 

3 

U G 

> 

<t  -f>  s: 

a c 

c 

O 

3 P 

p p 

QD  « 

*■«  p 

c 

> 

P< 

G C 

o>  <! 

JS  P 
C/3 

*§ 

P < ^ 

« TJ 

c:  ^ a/ 


t: 

^ C 0) 

u o c 


e 

a 

P 

cd 

w c. 

a> 

p 

o 

OT  b- 

p 

CO 

CO 

c 

(S  C i* 

•H 

c 

cvi 

*p 

P 

3 

•ri 

CO 

r—i 

c co  c 

C 

c 

Cd 

a>  0/  c 

4. 

P 

cd 

a)  b: 

P 

cd 

P 

X>  P C 

•p 

P 

to 

cd  O 

C 

P 

< 

O 

CO  X -p 

o 

•p 

o 

cd  o p 

•P 

e 

4, 

x:  o 

P 

•p 

x: 

p 

rP  bo 

cd 

p 

c 

c cd  *p 

<*) 

U- 

cd  3 > 

•p 

o 

p 

rP  c <d 

> 

Cm 

c 

p,  c c 

a 

4- 

• 

cd 

>>: 

to  p >> 
p a>  -<  , 
•H  c 


c 

0; 

• 

a p 

CO 

X) 

Cd 

<u 

to  T1 

r:  c 

C 0. 

u 

>> 

o 

cd  a. 

g a* 

O 

cd 

>> 

p 

c 

c 

rO 

•p  C 

.c 

P 

cd 

cd 

0;  *p 

CO 

P O 

o 

•r-. 

t 

E E 

C P 

cd  'p 

o 

•p 

0 

3 ^ 

C -p 

t£*  P 

rp 

cd 

P 

p 

CO  <L 

•p 

•P  V« 

cd 

c. 

ft 

fp 

P 

P c 

> c 

3 

cd 

cd 

>>  o 

cd  «p 

cd  Ci. 

C 

C 

T3 

bC 

c c 

c 

• 

x: 

S-4 

•p  P 

r V, 

id 

<L 

cd 

p 

G P 

> c 

P. 

P 

•p 

C 0) 

cd  &> 

CO 

a* 

3 

> 

a,  >, 

C E 

G 

x: 

<d 

CO 

& 

Cm  E 

p 

*g 

o 

>> 

rM  4-> 

-P  O 

O <0 

” O)  w 
c > P 


Td  o • 

a> 

<d  c 

a 'd  r 

CO 

•p 

<u  a} 

T)  Oi  Oi 

>> 

a;  p 

a,  fn  c c 4j 

G E bC 

it 

bo  cd 

bn  o a;  ••-* 

C -p  o 

cd 

cd  U) 

:c  £) 

3 P ^ 

E 

v.  -p 

»H  C V.  >5 

TT  C 

•M 

a;  > 

0)  CD  4»  -H  r-t 

OJ  P C 

> CO 

> -h  jr  o c 

a d h 

ft 

< c 

< > c 

p 

CVi 

'W' 

SUMMARY 


1 


. SPA  returns  to  the  Treasury  the  funds  received  from  the  sale  of 
hydropower  from  Corps  projects  serving  the  SPA  system  less  funds  required 
to  defray  SPA  expenses. 

. SPA  informs  SWD  of  the  amount  returned  to  the  Treasury. 

. SWD  apportions  the  total  revenues  reported  by  SPA  less  total  O&M 
projects  to  each  hydropower  project  in  proportion  to  the  cost  allocated 
to  power  in  the  project.  Each  project  is  then  credited  the  sum  of  its 
06M  cost  and  the  apportioned  amount. 

. Using  these  values,  SWD  maintains  a running  fiscal  year  accounting 
of  the  financial  status  of  each  hydropower  project. 

. Such  an  accounting  is  required  to  determine  whether  the  requirement 
of  Section  5 of  the  Flook  Control  Act  of  1944  (ie.,  that  funds  expended 
on  power  facilities  be  covered  in  a reasonable  time)  will  be  met. 

. A summary  of  the  SWD  accounting  presents  a very  gloomy  financial 
picture. 

. A similar  gloomy  picture  appears  in  the  FPC  annual  report  which  is 
not  widely  distributed. 

. The  more  widely  distributed  "Power  Project  Data  Sheets"  do  not 
present  the  gloomy  side  of  the  picture. 

. The  SWD  accounting  pictured  the  two  oldest  hydropower  projects  of  the 
Arkansas  River  project  (Fort  Gibson  and  Tenkiller  Projects)  as  being 
deeply  in  debt. 


S&L- 
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. The  SWD  system  was  examined  to  determine  whether  the  old  projects 
were  penalized  in  some  way. 


. The  assumption  that  total  O&M  costs  be  deducted  from  revenues  before 
the  remainder  is  apportioned  among  projects  appeared  suspect,  since  the 
greater  the  project  O&M  costs,  the  more  credit  the  project  would  receive 
to  hide  poor  project  performance. 

. Also  suspect  is  the  assumption  that  revenues  be  apportioned  in 
proportion  to  the  project  cost  allocated  to  power.  This  places  emphasis 
in  the  wrong  place,  that  is,  cost  rather  than  on  economic  results. 

. An  approximate  trial  accounting  was  undertaken  in  which  revenues  were 
apportioned  in  proportion  to  benefits  computed  arbitrarily  on  the  basis 
of  1945  values  of  $13.30  per  kilowatt  of  dependable  capacity  per  year 
and  1.13  mills  per  kilowatt  hour  of  average  annual  energy. 

. The  specific  benefit  values  to  be  used  in  an  accounting  system  require 
much  additional  study. 

. The  trial  accounting  system  presented  in  this  report  is  felt  to  be 
superior  to  the  one  now  in  use  in  that  it  distributes  power  revenues  in 
proportion  to  the  economic  output  of  each  project,  and  does  not  assure 
payment  of  0 and  M costs  regardless  >f  how  exorbitant  they  may  be. 

. The  trial  accounting  shows  Bull  Shoals  in  FY  1975  to  be  $5.0  million 
on  the  way  toward  recovering  its  $60.0  million  investement  in  power  while 
the  corresponding  SWD  value  is  minus  $11.9  million.  The  former  value  is 
felt  to  represent  more  nearly  the  true  economic  value  of  Bull  Shoals. 

. The  trial  accounting  lessens  the  1975  financial  status  of  the 
Fort  Gibson  project  to  minus  $8.3  on  from  minus  $5.5  million  in  the  SWD 

records.  This,  too,  is  felt  to  reflect  the  relative  economic  value  of 
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this  project. 


. It  is  felt  that  the  SWD  accounting  system  should  be  changed  to 
one  similar  to  the  second  trial  accounting  system  described  herein. 

The  result  should  represent  reality  more  closely  and  make  the  records  a 
more  useful  planning  and  managerial  tool. 
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